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Abstract 


Pollen  analysis  of  archaeological  cave  and  rockshelter 
deposits  is  widely  implemented  as  a  technique  to  provide 
knowledge  about  prehistoric  human  adaptation  and  past 
vegetational  environments.  It  is  generally  accepted  that 
caves  and  rockshelters  are  characterized  by  little  naturally 
occurring  botanical  material  and  are  protected  from  pollen 
deposition  by  wind,  but  the  dominant  means  of  pollen 
transportation  and  the  subsequent  meaning  of  the  resulting 
pollen  assemblage  is  inadequately  understood. 

This  study  explores  the  dynamics  of  pollen  deposition 
in  caves  and  rockshelters  located  in  the  Pryor  Mountains  of 
south-central  Montana.  Pollen  traps  were  placed  in  twelve 
cave  and  rockshelter  sites  situated  along  an  altitudinal 
gradient  for  the  1981  pollination  season.  The  resulting 
assemblages  were  compared  to  surface  sample  assemblages  and 
ecological  survey  data.  Analysis  of  these  data  demonstrate 
that  wind  is  an  important  vector  by  which  pollen  enters 
caves  and  rockshelters,  that  the  wind  dominated  pollen 
assemblage  demonstrates  the  variability  character i st ic  of 
local  pollen  rain,  and  the  lack  of  intersite  and  intrasite 
comparability  between  contemporaneous  pollen  samples  derived 
from  cave  and  rockshelter  samples  strongly  suggests  a 
reappraisal  of  the  utility  of  these  deposits  when  attempting 
paleoenvi ronmental  reconst rue t ions  in  a  fossil  context. 
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INTRODUCTION 


Pollen  analysis  has  been  widely  applied  to  archaeological 
cave  deposits  in  human  paleoecological  investigations.  In 
Europe,  fossil  pollen  records  provide  the  biological  basis 
for  reconstructions  of  climatic  change  in  Paleolithic  cave 
and  rockshelter  sites  (Leroi-Gourhan ,  1965).  Pollen  analysis 
of  cave  fills  has  also  figured  prominently  in  archaeological 
research  in  the  Americas  (cf.  Schoenwet ter ,  1970; 
Shreve-Br inkman ,  1978),  and,  in  Africa  (Van  Zinderen  Bakker, 
1982) . 

Despite  numerous  applications,  it  is  widely  recognized 
that  cave  deposits  pose  pollen  analytical  problems  to  the 
researcher  (Van  Zinderen  Bakker,  1982).  Pollen  assemblages 
from  cave  deposits  are  notoriously  sparse  (Leroi-Gourhan, 
1965),  frequently  poorly  preserved  (Donner,  1975),  and  are 
suspect  to  contamination  resulting  from  the  activities  of 
human  and  nonhuman  inhabitants  (Couteaux,  1977).  However, 
selection  of  cave  deposits  over  other  types  of  pollini f erous 
deposits  is  often  based  on  the  poor  preservat ional 
properties  of  surrounding  open  air  sites  (cf.  Van  Zinderen 
Bakker,  1982),  or  the  lack  of  lakes  or  bogs  providing  a 
depositional  history  of  the  time  period  in  question 
(Leroi-Gourhan,  1965),  than  on  the  intrinsic  properties  of 
the  cave  alone.  For  archaeological  purposes,  selection  of 
cave  deposits  for  analysis  is  encouraged  by  the  in  situ 
association  of  human  artifacts  within  a  pollen  bearing 
deposit  (Anderson,  1955). 
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Site  selection  is,  however,  a  critical  part  of  a  paleo- 
envi ronmental  research  design  (Jacobsen  and  Bradshaw,  1981). 
For  palynologically-based  reconstructions  to  be 
statistically  significant  and  comparable  from  site  to  site, 
it  is  necessary  to  establish  that  the  sampling  site  records 
regional  pollen  rain  (Janssen,  1973).  This  tenet  holds  true 
whether  paleoenvi ronmental  reconst ruct ions  are  developed 
through  the  community  analogue  approach,  as  advocated  in 
North  America  (Wright,  1967),  or  on  the  basis  of  AP/NAP 
(arboreal  pollen/  nonarboreal  pollen)  ratios,  as  favored  in 
European  archaeological  pollen  analysis  (Leroi-Gourhan , 
1965) . 

Experimental  studies  of  modern  pollen  production, 
dispersal,  and  deposition  have  established  guidelines  for 
selecting  suitable  lake,  bog  and  open  air  sites  (Jacobsen 
and  Bradshaw,  1981).  However,  the  relationship  between 
pollen  assemblages  recovered  from  cave  and  rockshelter 
deposits,  pollen  rain,  and  surrounding  vegetation  have  not 
been  adequately  explored.  The  implications  for  this  are  very 
serious:  until  the  dynamic  process  of  pollen  transport  into 
caves  is  fully  established,  much  of  our  understanding  of 
climatic  history  and  human  paleoecology  as  derived  from 
fossil  pollen  records  from  caves  must  be  viewed  with  great 
caution . 

Thus,  it  is  imperative  that  experimental  studies  of 
modern  pollen  transport  into  caves  and  rockshelters  be 
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between  cave  derived  pollen  assemblages,  pollen  rain,  and 
vegetation  may  be  established.  Such  data  will  provide  more 
accurate  interpretative  models,  guide  site  selection,  and 
permit  the  reevaluation  of  current  paleoenvi ronmental  and 
human  paleoecological  reconstructions  based  on  fossil  pollen 
from  cave  and  rockshelter  deposits. 

This  study  explores  the  dynamics  of  pollen  deposition 
in  caves  and  rockshelters  located  in  the  Pryor  Mountains  of 
south-central  Montana  (Fig.  1).  A  series  of  12  cave  and 
rockshelter  sites  situated  along  an  altitudinal  gradiant 
were  fitted  with  pollen  traps  for  the  1981  pollination 
season.  Pollen  traps,  surface  samples,  and  ecological 
measurements  of  the  vegetation  surrounding  the  caves,  form  a 
comparative  data  base  to  explore  the  suitability  of  cave  and 
rockshelters  as  study  sites  for  paleoenvironmental 
reconstructions  based  on  fossil  pollen  data. 


Figure  1 . 


Cave  and  Rockshelter  Study  Sites, 
Mountains,  Montana 
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PREVIOUS  RESEARCH 

Little  research  has  been  directed  toward  understanding  the 
mechanics  of  pollen  transport  into  caves.  Most  models  em¬ 
ployed  in  the  interpretation  of  fossil  pollen  spectra  from 
caves  were  originally  conceived  by  French  palynologi sts  and 
are  based  on  empirical  observations  of  fossil  material.  For 
instance,  French  cave  deposits  have  repeatedly  produced 
pollen  assemblages  characterized  by  high  NAP  frequencies, 
consisting  predominantly  of  Poaceae  and  Asteraceae,  for 
which  an  analogue  has  not  been  found  in  modern  landscapes 
(Leroi-Gourhan  and  Leroi -Gourhan ,  1965).  Assemblages  of  sim¬ 
ilar  composition  have  not  been  discovered  in  fossil 
assemblages  from  other  types  of  sites,  suggesting  that  this 
bias  may  be  inherent  to  pollen  deposition  in  caves 
(Couteaux,  1977;  Leroi-Gourhan,  1965). 

Leroi-Gourhan  and  Renauit~Mi skovsky  (1977)  suggest  that 
this  apparent  bias  toward  low-lying  herbs  reflects  the  role 
played  by  animals  in  transporting  pollen  to  caves.  They 
characterize  the  feet  and  hair  of  animals,  including  humans, 
as  mobile  pollen  traps,  that  sample  the  external  vegetation, 
and  transport  pollen  to  the  cave  interior.  Support  for  this 
hypothesis  is  sought  by  comparing  samples  at  Renne  Cave, 
Arcy-sur-Cure ,  France,  where  pollini f erous  samples  are 
located  in  a  cave  opening  of  sufficient  size  to  accomodate 
large  animals  (Leroi-Gourhan  and  Renault-Mi skovsky ,  (1977). 
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The  problems  associated  with  interpreting  high  NAP 
frequencies  has  led  to  the  development  of  an  interpretative 
methodology  based  on  AP  and  NAP  ratios  (Leroi-Gourhan , 
1965).  This  method  assumes  that  greater  AP  proportions 
indicate  climatically  controlled  tree  growth,  and  that 
pollen  production  has  remained  at  Holocene  rates  throughout 
the  Pleistocene  (Brande  and  Bleich,  1975). 

Both  the  technique  used  for  paleoenvi ronmental 
reconstructions  and  the  characterizations  of  pollen 
transport  into  caves  demonstrate  that  many  palynological 
reconstructions  from  European  Paleolithic  cave  sites  have 
little  basis  in  the  principles  of  plant  ecology.  This 
reflects  the  emphasis  placed  on  archaeological  palynology  as 
a  chronost rat igraphic  tool,  which  until  recently,  in  this 
context,  has  been  considered  palynology' s  major  contribution 
to  archaeological  research  (cf.  Laville,  et  al.,  1980). 

Contemporary  pollen  trapping  experiments  by  Bui-Thi-Mai 
(1974)  at  Abri  Vaufrey  (France)  were  designed  to  determine 
the  reliability  of  caves  as  sampling  sites  for  paleoenviron- 
mental  analysis.  They  demonstrated  that  wind  transport  is  a 
significant  vector  by  which  pollen  enters  caves.  Nine  con¬ 
temporaneous  pollen  samples  from  in  and  around  Abri  Vaufrey 
were  compared  to  determine  whether  they  would  demonstrate 
variation  significant  enough  to  yield  differing  climatic 
interpretations  if  observed  in  a  fossil  context. 

Bui-Thi-Mai  (1974)  observed  a  general  decrease  of  both 
total  grains  and  arboreal  grains  in  a  transect  across  the 
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cave  floor  from  the  entrance  to  the  rear  of  the  cave.  Pollen 
samples  from  the  rear  of  the  cave  reflected  a  bias  toward 
lightweight,  highly  aerodynamic  grains.  The  pollen  traps 
centrally  located  in  the  chamber  provided  a  pollen  assem¬ 
blage  that  best  represented  the  vegetation  at  large;  least 
representative  were  sampling  sites  where  turbulence  and 
localized  air  currents  figured  prominently,  such  as  near  the 
wall  and  opening  of  the  cave. 

However,  this  study  at  Abri  Vaufrey  also  demonstrates 
that  cave  sites  inject  their  own  unique  sampling  biases 
which  affect  the  taxonomic  composition  of  the  pollen  assem¬ 
blage.  The  potential  for  sample  bias  must  be  considered  in 
any  paleoenvironmental  reconstruction  derived  from  cave 
deposits.  At  Abri  Vaufrey,  Bui-Thi-Mai  (1974)  concluded  that 
the  statistical  dissimilarities  observed  between  her  samples 
would  not  produce  differing  climatic  reconstructions  given 
the  limits  of  interpretation  of  fossil  data. 

In  summary,  Bui-Thi-Mai  concludes  that  a  cave  acts,  "As 
an  integrator  of  its  pollen  environment,  similar  to  lake  or 
bog  localities,  "  (1976:9).  However,  because  quantitative 
data  on  the  surrounding  vegetation  was  not  collected,  it  is 
not  possible  to  assess  from  the  Abri  Vaufrey  study  whether 
caves  do  in  fact  sample  regional  pollen  rain:  the  character¬ 
istic  that  makes  medium  sized  lakes  and  bogs  highly  suitable 
study  sites  for  paleoenvironmental  reconstructions. 
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The  objective  of  this  study  was  to  provide  a  comparative 
data  base  with  which  to  explore  the  factors  which  contribute 
to  variation  in  cave  and  rockshelter  pollen  assemblages.  The 
sampling  design  followed  a  nesting  strategy,  focusing  on  the 
three  levels  of  resolution  defined  in  Janssen's  model  of 
pollen  transport  (Janssen  1973).  Jacobsen  and  Bradshaw's 
(1981)  definitions  of  local  (plants  20m  or  less),  extralocal 
(20m  to  several  hundred  m)  and  regional  (greater  distances) 
pollen  source  areas  are  adopted  in  this  paper. 

At  the  regional  level,  3  major  vegetation  types  were 
sampled  for  comparison.  These  included  Cave  Ann  and  Cowboy 
Bob  Rockshelter  in  the  Subalpine  zone;  Caves  1,  2,  and  3 
West,  Caves  1  and  2  East,  Bobcat  Rockshelter,  and  Skylight 
Cave  in  the  mid-elevation  Douglas  Fir  Zone;  and  Crooked 
Creek  Rockshelter,  Burnt  Timber  Rockshelter  and  Gyp  Springs 
Rockshelter  in  the  xeric  lower  elevation  Utah 
Juniper-Blacksage  Zone  (Table  1).  To  investigate  extralocal 
variation,  7  cave  and  rockshelter  sites  were  located  in  the 
Douglas  Fir  zone.  The  influence  of  local  variation  was 
monitered  by  several  samples  clustered  in  Skylight  Cave. 

To  provide  a  control  and  to  compare  the  cave  derived 
pollen  assemblages  to  the  vegetation,  open  air  Tauber  traps 
were  positioned  10m  from  each  cave  or  rockshelter  site. 
Surface  samples  were  collected  from  each  site  to  determine 
whether  cave  floor  material  differs  significantly  from  the 
pollen  rain.  Open  air  surface  samples  were  again  collected 
as  a  control.  Through  this  hierarchical  scheme  it  should  be 
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possible  to  evaluate  whether  the  pollen  derived  from  cave 
floor  deposits  are  representative  of  the  windborne  pollen 
rain  of  caves  and  open  air  sites,  and  ultimately  whether  the 
pollen  assemblage  is  representative  of  the  local  or  regional 
vegetation . 

DESCRIPTION  OF  STUDY  AREA 

The  Pryor  Mountains  of  south-central  Montana  are  a  series  of 
fault  blocks  separated  from  the  Bighorn  Mountains  by  the 
deeply  incised  Bighorn  River  (Blackstone,  1975),  (Fig.  1). 
The  capping  Paleozoic  limestones  dip  steeply  to  the  west. 
Stream  valleys  parallel  the  faults  and  separate  the  individ¬ 
ual  mountain  blocks.  Several  deep  canyons  cross  cut 
sedimentary  strata  and  lead  out  of  the  mountains  to  the 
south  towards  the  Big  Horn  Basin,  and  to  a  lesser  extent, 
toward  the  west  and  north.  Transition  from  the  mountains  to 
the  basin  is  achieved  in  several  areas  by  pediments  dipping 
to  the  south. 

The  canyon  forming  rock  in  all  parts  of  the  Pryor 
Mountains  is  the  Mi ss i ss ippian  Madison  Limestone  Formation 
(Blackstone,  1975).  The  upper  member  of  this  formation,  the 
Mission  Canyon  Member,  forms  the  rim  rock  in  several 
canyons.  This  strata  contains  numerous  solution  caverns, 
many  of  which  were  once  filled  with 
presently  in  the  process  of  reexcavation. 
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Climate 


Because  the  Pryor-Big  Horn  Mountain  chain  is  one  of  the  most 
easterly  of  the  Rocky  Mountains,  the  orographic  effect 
depletes  air  masses  arriving  from  the  west  of  their  moisture 
content.  Air  masses  from  the  south  are  blocked  by  the  Owl 
Creek  and  Wind  River  Mountains.  On  the  eastern  flank, 
precipitation  is  generated  by  storm  tracks  which  produce 
northeasterly  winds  (Lowry,  1960).  The  bulk  of  precipitation 
falls  between  April  and  September,  40-45%  of  the  annual 
rainfall  falling  between  May  and  June.  Temperature  and 
precipitation  vary  more  with  elevation  than  geographic 
location  (Baker,  1944).  Lack  of  weather  monitoring  stations 
within  the  Pryors  limits  a  discussion  of  local  climate 
around  the  study  sites. 

Ruffner  (1978)  provides  an  estimate  of  15-20cm  annual 
precipitation  at  Sage  Creek  Station,  with  the  January 
average  temperature  ranging  1-1 1°C,  and  July  average 
temperature  ranging  13-32°C.  South  (1974)  provides  estimates 
of  precipitation  based  on  degree  of  soil  development,  which 
demonstrates  at  least  a  strong  trend  of  climatic  variation 
between  the  zones  (Table  2). 
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Table  2 


Vegetation  Type 

Annual  Mean  Soil 

Days  Frost 

Precipitation  Temp.  °C 

(cm) 

Free 

Subalpine  Zone 

38-51  3-6 

40-50 

Douglas  Fir  Zone 

38-48  4-7 

50-90 

Utah  Juniper 
Blacksage 

15-25  6-7 

70-85 

(Adapted  from  South 

1974) 

Snowfall  avera 

ges  fall  between  64-381 

cm  per  year  in 

the  mountains,  with  accumulation  directly  proportional  to 
elevation  (Baker,  1944). 

Field  Methodology 

In  April,  1981,  Tauber  trap  pollen  samplers  were  placed  in 
the  selected  low  and  mid  elevation  rock  shelters.  Tauber 
traps  are  static  recepticles  designed  to  collect  the  sedi¬ 
mentation  of  pollen  from  the  air.  A  Tauber  trap  consists  of 
a  plastic  jar  fitted  with  a  15cm  diameter  lid  with  a  5cm 
diameter  central  aperature.  The  lid  is  aerodynamically 
designed  to  minimize  air  turbulence  so  that  the  vertical 
cross-section  tapers  from  the  central  aperature  to  the 
edges . 


14 


Traps  were  placed  in  the  higher  elevation  sites  of 
Cowboy  Bob  and  Cave  Ann  in  June,  1981,  by  which  time  the 
snow  drifts  had  melted  back  sufficiently  for  trap 
emplacement.  At  least  2  traps  were  located  within  each  cave 
and  rockshelter,  one  at  the  lip,  another  outside  the 
dripline,  and  one  or  more  deeper  in  the  interior.  A  trap  was 
placed  10m  outside  the  mouth  of  the  cave,  away  from  the 
direct  influence  of  vegetation  surrounding  the  cave  mouth  to 
ensure  comparability  of  the  inner  traps  to  the  local 
vegetation  (Wright,  1967). 

Tauber  traps  were  attached  to  plastic  jars,  and  mounted 
on  a  one  meter  rebar  rod  driven  approximately  30cm  into  the 
ground.  Because  of  roof  fall,  some  traps  were  placed  on  the 
floor  of  the  cave,  and  wedged  into  a  stable  upright  position 
with  rocks.  All  traps  were  filled  with  a  preservative 
solution  composed  of  glycerine,  acetic  acid,  and  distilled 
water.  Surface  samples  of  sediment,  moss  or  leaf  litter  were 
collected  from  both  inside  the  cave  or  rockshelter,  and  near 
the  open  air  traps. 

Archeological  test  investigations  were  initiated  in 
Cave  Ann  while  pollen  traps  were  in  place.  For  approximately 
3  weeks  between  1  and  3  individuals  were  excavating  with 
hand  trowels  in  a  1x2  m  excavation  unit.  As  a  result,  it  is 
necessary  to  consider  that  human  activity  may  have  played  a 
significant  role  in  forming  the  pollen  assemblage  at  this 
si  te . 
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The  vegetation  surrounding 
study  site  was  sampled,  using  a 
transect-intersect  method  ( 
occurring  at  distances  great 
absent,  and  clumps  of  grass  wer 
Due  to  the  lack  of  resolution  o 
attempt  was  made  to  differentia 
in  this  study. 

In  October,  1981  all  traps 
screwtop  jars,  and  rinsed  3 
traps  bore  signs  of  animal  acti 
otherwise  drained  of  their  cont 
and  placed  in  plastic  bags  for 


each  cave  and  rockshelter 
point  centered-quarter  and  a 
Grieg-Smith,  1962).  Trees 
er  than  10m  were  recorded  as 
e  recorded  as  a  single  unit, 
f  grass  pollen  morphology,  no 
te  between  species  of  grass 

were  drained  into  labeled 
times  with  acetone.  Several 
vity,  and  those  punctured  or 
ents  prematurely  were  removed 
rinsing  in  the  laboratory. 


LABORATORY  METHODOLOGY 


The  trap  contents  were  screened  in  order  to  remove  large 
plant  fragments,  lithic  debris,  and  insects.  The  insects 
were  given  to  I.  Askevold,  U.  of  Manitoba,  for 
identification  (Appendix  1). 

The  trap  contents  were  diluted  1:3  with  distilled 
water,  then  passed  through  a  5.5  or  7cm  millipore  glass 
fibre  filter  by  means  of  a  vacuum  apparatus.  The  pollen 
trapped  on  the  filter  was  placed  in  a  nalgene  test  tube.  A 
Stockmar  eucalyptus  tablet  (batch  no.  106720)  was  added  to 
the  sample  which  was  then  treated  with  10%  HCL,  centrifuged, 
rinsed  with  concentrated  HCL,  treated  with  48%  HF  for  one 


. 
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hour  in  a  boiling  water  bath,  and  then  let  stand  overnight. 
Processing  then  continued  according  to  Faegri  and  Iversen's 
(1975)  standard  procedure.  Processed  samples  were  then 
placed  into  vials  with  a  few  drops  of  glycerine,  and 
transferred  to  slides  by  means  of  a  disposable  pipet. 

Sediment  samples  were  treated  by  swirling  and 
suspending  the  fine  fraction  of  a  50g  sample  in  distilled 
water,  screening  out  the  large  vegetal  material,  and  letting 
the  sample  stand  in  10%  HCL  overnight.  The  sample  was 
subsequently  rinsed  in  concentrated  HCL  and  suspended  in  a 
zinc  bromide  solution  (sp.  gravity  1.8).  After  centrifuging, 
the  supernatant  was  passed  through  a  7  cm  glass  fiber 
filter.  Processing  of  the  glass  filter  and  trapped  pollen 
then  proceded  as  described  above. 

Moss  polster  samples  were  measured  volumet r ically . 
Fifteen  ml  samples  were  processed  according  to  the  procedure 
for  peat  samples  as  described  in  Faegri  and  Iversen  (1975). 
Because  pollen  accumulation  rates  cannot  be  calculated  for 
sediment  samples,  moss  polsters,  or  damaged  pollen  traps, 
eucalyptus  spikes  were  not  added  to  these  samples. 

An  attempt  was  made  to  count  a  minimum  of  500  grains, 
excluding  spores,  indeterminates ,  multiple  species  pollen 
agglomerates,  and  the  eucalyptus  spike.  Wherever  possible, 
if  a  single  herbaceous  taxon  dominated  the  assemblage,  the 
500  grain  count  was  made  in  addition  to  that  taxon.  Samples 
were  counted  with  a  Leitz  SM-Lux  binocular  microscope,  using 
400x  magnification.  Traverses  were  spaced  across  the  slide 
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at  regular  intervals  to  avoid  bias  due  to  non-random 
distribution  of  pollen  across  the  slide  (Maher,  1977; 
Brookes  and  Thomas,  1967).  Identifications  were  aided  by  the 
pollen  reference  collection  at  the  University  of  Alberta, 
and  keys  supplied  by  Faegri  and  Iversen  (1975),  McAndrews  et 
al  (1973),  and  Moore  and  Webb  (1978). 

The  identification  of  Pseudotsuga  was  complicated  by 
the  presence  of  a  spore  ( Polypodiaceae  type),  which  bears  a 
resemblance  to  Pseudotsuga  grains  (Plates  1  and  2).  These 
spores  ranged  from  inapeturate,  or  weakly  trilete,  to 
trilete,  demonstrated  weak  exine  ornamentation,  and  were  the 
same  size  as  Pseudotsuga.  The  inapeturate  to  weakly  trilete 
varieties  of  this  spore,  when  found  in  a  torn  or  folded 
condition,  were  mistakable  for  poorly  preserved  Pseudotsuga 
grains.  As  a  result,  it  was  necessary  to  impose  strict 
criteria  on  Pseudotsuga  determinations.  In  this  study, 
Pseudotsuga  totals  are  based  on  entire  grains  in  fresh 
condition . 

To  better  understand  local  and  regional  contribution  of 
Pinus,  it  would  have  been  useful  to  differentiate  the 
Haploxylon  ( Pinus  flexilis)  from  the  Diploxylon  ( Pinus 
contorta)  grains  originating  from  upper  elevations. 
Unfortunately,  an  attempt  to  carry  out  this  distinction  was 
discouraged  by  the  poor  condition  of  Pinus  grains  from  the 
desert  assemblages  (Plate  3),  and  the  surface  samples  from 
the  Subalpine  and  Desert  floor  sites. 
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Plate  1 . 


Comparison  of  Polypodiaceae  Type  and  Pseudotsuga 
Grains 

A.  Polypodiaceae  type,  Skylight  Cave,  cave  floor 
surface  sample  A 


b .  Pseudotsuga  ~enz ies i i 


Plate  2,  Comparison  of  Poiypodiaceae  Type  and  Pseudotsuga 

Grains 

A.  Poiypodiaceae  type,  Skylight  Cave,  cave  floor 
surface  sample  A 


3 .  Pseudotsuga  menz ies i i 
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Plate  3. 


Pinus  Grains 

A.  Broken,  abraded  Pinus  grains,  open  air  trap, 
Burnt  Timber  Rockshelter 

B.  Pinus  grain,  poorly  preserved,  cave  trap, 


Cave  Ann 
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All  raw  counts  were  converted  to  relative  frequencies 
for  analysis,  and  absolute  influx  was  calculated  where 
applicable.  Pollen  preservation,  and  other  observations  for 
each  sample  pertinent  to  analysis  are  described  in  Appendix 

2. 

Plant  identifications  were  aided  by  the  keys  provided 
by  Dorn  (1977)  and  Hitchcock,  et  al . ,  (1977).  Identified 
plants  were  verified  using  the  collections  from  the 
herbarium  at  the  University  of  Alberta.  Relative  frequency, 
density  and  dominance  values  were  calculated  for  the 
arboreal  data.  An  expression  of  relative  frequency  was  not 
applicable  to  the  transect  sampling  strategy  employed  for 
the  local  herbs,  but  density  and  dominance  were  calculated 
for  these  species. 

Cluster  Analysis 

Visual  inspection  of  the  pollen  diagrams  shows  that  the 
variables  influencing  pollen  introduction  into  cave  sites 
are  complex.  To  facilitate  understanding  of  the  patterns  in 
the  data,  cluster  analysis,  a  non-probabi 1 i st ic  statistical 
method  was  employed.  Cluster  analysis  has  been  applied  to  a 
number  of  pollen  analytical  and  phytoecological  studies  with 
reasonable  success  (Birks,  et  al  .  ,  1975;  McCord  1982;  Gordon 
and  Birks,  1972;  see  also  Lambert  and  Dale  1964). 

In  this  study,  Ward's  (1963)  method,  a  minimum  variance 
agglomerat ive  method  was  employed,  using  the  CLUSTAN  1C 
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computer  program  developed  by  Wishart  (1978).  The  advantages 
of  the  application  of  minimum  variance  cluster  analysis  to 
palynological  data  over  other  hierarchical  methods  is 
pointed  out  by  Birks,  et  al .  ,  (  1975).  Clusters  are  formed  by 
obtaining  groups  through  the  calculation  of  a  distance 
coefficient  for  each  pollen  sample,  and  grouping  together 
those  samples  or  clusters  whose  fusion  yields  the  least 
increase  in  the  error  sum  of  squares  (Ward,  1963;  see  also 
Orloci,  1967).  In  this  way,  distance  (or  similarity)  rela¬ 
tionships  are  specified  between  each  group  and  the  entire 
population,  and  the  clusters  are  ranked  in  importance. 

To  facilitate  computer  analysis,  the  data  were 
simplified  from  128  taxa  into  20  non-inclusive  categories 
(see  Fig.  2  in  pocket).  These  categories  reflect  standard 
pollen  analytical  procedures:  all  major  (greater  than  1%) 
arboreal  constituants  received  their  own  categories,  all 
major  nonarboreal  taxa  were  represented,  and  Asteraceae  was 
reduced  to  High  and  Low  spine  Tubul if  1 orae  and  Ligul if lorae. 
Remaining  herbaceous  taxa  were  simplified  into  categories  by 
family,  using  an  ecological  rationale  following  Fall,  et 
al .  ,  (1981).  Because  the  miscellaneous  unrepresented  taxa 
would  have  no  ecological  meaning,  they  were  excluded  from 
analysis.  In  most  cases,  the  balance  of  unrepresented  taxa 
totalled  under  2%  of  the  total  count. 


To  alleviate  the  problem  of  more  variable  species 
dominating  the  analysis,  data  were  standardized  to  zero  mean 
and  unit  variance  (Wishart,  1978).  Lambert  and  Dale  (1964) 
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point  out  that  this  procedure  reduces  bias  in  favor  of 
numerically  variable  taxa,  and  slightly  favors  the  commoner 
and  rarer  species,  simulating  pollen  analytical  procedures. 

REGIONAL  VEGETATION 

The  distribution  of  vegetation  in  the  Pryor  Mountains 
reflects  a  pattern  of  vegetation  found  throughout  the 
Bighorn  range.  Communities  of  low  growing  forbs,  and  Abies 
1  as iocarpa-P icea  engelmannii  forests  are  found  at  the  upper 
elevations;  Pseudotsuga  forests  are  found  at  mid  elevations; 
and  a  suite  of  xeric  communities,  including  those  South 
(1974)  calls  Sagebrush  grasslands,  Utah  Juniper-Black  Sage, 
and  Red  desert-Salt  Shrub,  are  found  at  lower  elevations. 
Birkhart  (1976)  and  Despain  (1973)  observed  the  same  plant 
associations  in  the  Bighorn  range,  with  the  addition  of 
Pinus  ponderosa  forests  at  elevations  lower  than  are  found 
in  the  Pryors. 

On  the  basis  of  aerial  reconaissance ,  ground 
vegetations  surveys  and  landforms,  South  (1974)  compiled  a 
regional  picture  of  the  distribution  of  vegetation  in  the 
Pryors  region  (Fig.  3).  While  this  study  adopts  South's 
terminology,  the  vegetation  descriptions  that  follow  are 
derived  from  surveys  of  flora  adjacent  to  the  cave  and 
rockshelter  study  sites  and  may  differ  somewhat  from  South's 
more  generalized  descriptions  in  some  particulars. 
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Figure  3.  Pryor  Mountains  Vegetation  Zones  and  Study  Sites 

(adapted  from  South,  1974) 
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Pryor  Mountain  Vegetation  Zones 


Cave  and  Rockshelter  Study  Sites 


Vegetation  Zones 


A  Cowboy  Bob  Rockshelter 
&  Cave  Ann 
B  Caves  1  &  2  East 
Caves  1,  2,  &  3  West 
C  Bobcat  Rockshelter 
D  Skylight  Cave 
E  Crooked  Creek  Rockshelter 
F  Gyp  Springs  Rockshelter 
G  Burnt  Timber  Rockshelter 


ft 

s 

SB 

H 

39 

m 

a 

88 

m 


Subalpine  Plateau 
Subalpine  Forest  and  Meadow 
Douglas  Fir  Forest 
Rock  Outcrop-Forest 
Montana  Grassland 
Streamside  Hardwood 
Utah  Juniper-Blacksage 
Sagebrush  Grassland 
Red  Desert  Salt  Shrub 
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Subalpine  Forest  and  Meadow 

Cave  Ann  and  Cowboy  Bob  rockshelter  face  east  and  west 
respec i t i vely  across  a  dry  valley  into  a  Subalpine  Forest 
and  Meadow,  composed  of  scattered  Abies  1  as iocarpa  and  Picea 
enge 1 mann i i  stands,  interspersed  with  subalpine  meadow 
dominated  by  cool  moist  adapted  forbs.  Picea  glauca  and 
Pinus  contorta  are  associated  arboreal  species.  The  valley 
recesses  below  the  caves  contain  species  of  Artemisia , 
dun i perus  communis ,  and  isolated  occurences  of  Pinus 
contorta .  Above  the  rimrock,  the  vegetation  moves  into  the 
Subalpine  Plateau  zone,  consisting  of  forbs,  sedges  and 
grasses  which  form  a  dense  matlike  turf.  Common  plants 
include  species  of  Arenaria,  Phlox,  Cast i 1 1 eja,  Anemone,  and 
Lomatium  (Table  3). 

Transect  data  from  Cowboy  Bob  Rockshelter  shows  Picea 
engelmannii  the  dominant  arboreal  species,  the  density, 
frequency,  dominance,  and  importance  values  being  (50,  61, 
46,  52),  respectively  (Table  4).  (For  simplicity,  in  the 
ensuing  discussion  these  values  will  be  expressed  in  this 
manner).  Abies  1 asiocarpa  also  figures  prominently  (20,  19, 
39,  26).  Pinus  contorta  (30,  19,  15,  22)  is  the  only  other 
arboreal  species.  The  most  important  herbaceous  species 
overall  include  Lupinus  sericeus  (7,  6 — density,  dominance), 
V icia  cracca  ( * ,  5 ) ,  Phlox  hood i  ( 5 ,  4 ) ,  Dodecatheon  ( 2 ,  4 ) , 
and  Geum  triflorum  (4,  4).  Plants  found  in  transects  about 
the  lip  of  the  cave  and  across  the  mouth  include  Draba 


Inside 

Burnt  Timber  Rockshelter  Cave  Mouth  Transect  Local  Vegetation 

Density  Dominance  Density  Dominance 
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incerta,  Sedum  stenopetalum ,  Del  phi n ium  bicolor,  Potent i 1 1  a 
ovina,  and  Saxafraga  arguta.  Across  the  valley  from  Cowboy 
Bob  Rockshelter,  Cave  Ann  is  situated  directly  above  a  Picea 
Engl emanni -Abies  1 asiocarpa  stand.  Abies  is  better 
represented  around  Cave  Ann  (46,  51,  32,  43)  than  it  is 
around  Cowboy  Bob  Rockshelter.  Picea  values  are  lower  (30, 
30,  50,  37)  than  across  the  valley,  but  P i nus  is  equally 
well  represented  (24,  19,  19,  21).  Due  to  the  southerly 
exposure,  Cave  Ann’s  herbacous  cover  is  significantly  dif¬ 
ferent  from  that  surrounding  Cowboy  Bob  Rockshelter.  Poaceae 
figures  most  prominently  (29,  16),  followed  by  Zigadenus 
racemosa  (10,  5 ) ,  Ped icu laris  groen 1  and ica  ( 6 ,  1 1 )  and 
duniperus  communis  (4,  14).  A  wide  variety  of  herbs  are 
found  around  the  mouth  of  the  cave  the  most  important 
include  Potent i 1 1  a  graci 1  is ,  Geranium  viscossi mum,  Poaceae, 
and  Cerastr ium  arvense. 

Douglas  Fir  Zone 

Caves  1,  2,  and  3  West,  Caves  1  and  2  East,  Skylight  Cave 
and  Bobcat  Rockshelter  are  located  within  the  Douglas  Fir 
zone.  At  lower  elevations,  The  Douglas  Fir  zone  is  confined 
to  north  facing  slopes,  and  shaded  areas,  and  is  replaced  by 
Limber  Pine  on  the  southern  exposures.  At  higher  elevations, 
Douglas  Fir  is  found  on  sunny,  dry  exposures,  and  at  the 
highest  elevations,  it  is  replaced  on  northern  exposures  and 
moist-shady  localities  by  Abies  1 asiocarpa.  Picea  glauca  and 


Picea  enge 1 mann i i  occupy  moist  draws. 

As  shown  on  Table  4,  it  is  apparent  that  the  degree  of 
dominance  Pseudotsuga  plays  in  the  local  vegetation 
composition  varies  among  the  sites.  At  Cave  1  West, 
Pseudotsuga  is  most  strongly  represented  (49,  52,  99,  67), 
whereas  at  Skylight  Cave,  a  more  xeric  site  due  to  southerly 
exposure  Pseudotsuga  frequencies  are  lower  (30,  25,  67,  40). 

In  the  moister  heavily  wooded  localities,  Caves  1,  2, 
and  3  West  and  Caves  1  and  2  East,  Picea  glauca ,  and  Acer 
glabrum,  are  present,  with  isolated  occurences  of  Prunus 
v irginiana  and  Cornus  stolon  if era.  At  Skylight  Cave  and 
Bobcat  Rockshelter,  which  face  onto  xeric  slopes,  dun i perus 
schropulorum  and  Pinus  flexilis  are  added  to  the  species 
list. 

The  mean  values  for  arboreal  taxa  in  this  zone  are  as 
follows:  Pseudotsuga  menziesii  (43,  42,  85,  57);  Picea 
g 1 auca  ( 3 ,  4 ,  5 ,  4 ) ?  Acer  g 1 abrum  (21,  18,  1 ,  13);  dun i perus 
scrophu 1 orum  (27,  33,  9 ,  23  );  Pi nus  flexi 1  is  (2 ,  1 ,  1 ,  4 ) ; 
Prunus  v irginiana  (3,  2,  *,  2);  and  Cornus  stolon  if era  (1, 

1 ,  *  ,  1 ) . 

Associated  shrubs  located  at  moist  localities  include 
Symphor i cargos  oreophi 1 lous,  Spirea  betul ifol ia,  Lonicera 
utahens is,  and  dun i perus  commun is.  Species  of  Rubus ,  Arnica, 
Smilacina  and  Poaceae  as  well  as  Mahonia  repens,  and  Mitel  la 
nuda  dominate  the  understory.  The  more  xeric  localities  have 
similar  species  composition,  but  grasses  provide  a  greater 
portion  of  the  cover  area,  and  Bal samhor i zza  saggitata, 
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Astragalus  vexi 1 1  if lexus ,  and  Lupinus  sericeus  are  important 
species  on  sunny  slopes. 

Utah  Jun iper-Blacksage 

Gyp  Springs,  Burnt  Timber  and  Crooked  Creek  rockshelters  are 
all  located  at  the  lower  elevations  of  the  transect,  and 
represent  variants  of  the  Utah  Jun iper-Blac ksage  vegetation 
zone.  Overall,  the  vegetation  is  sparse,  dominated  by 
duniperus  osteosperma,  and  several  varieties  of  Artemisia. 
Pinus  flexilis  is  associated  at  some  localities,  including 
the  Burnt  Timber  Rockshelter  study  site.  Characteristic 
drought-adapted  vegetation  includes  Chrysothamnus 
v  iscidiflorusr  Atriplex  confertifolia,  Sarcobatus 
vermicul atus ,  and  Cercocarpus  ledifolius.  The  understory  is 
sparse,  composed  of  lowgrowing  species  and  cushion  plants. 

Despite  species  similarity,  there  was  great  variety  in 
the  vegetation  composition  among  the  3  study  sites  in  this 
zone.  Burnt  Timber  Rockshelter  site  was  88%  open,  with 
grasses  composing  the  majority  of  the  understory  vegetation 
(44,  32).  Chrysothamnus  constituted  (22,  6)  of  the 
vegetation,  with  Antennaria  rosea  providing  (11,  1).  Pinus 
flexilis  provided  (45,  37,  60,  46)  of  the  arboreal 
vegetation,  duniperus  osteosperma  figuring  (64,  64,  40,  54). 

The  vegetation  surrounding  Crooked  Creek  Rockshelter 
site  was  surrounded  by  a  vegetation  85%  open,  duniperus 
osteosperma  dominated  the  vegetation  (17,  33)  with 
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associated  Chrysothamnus  nauseosis  (25,  14);  At ri pi  ex 
confertifolia  (17,  9)  and  Artemisia  (8,  7).  Oxytropis 
sericea  (30,  8)  and  Antennar ia  pulcherr ima  (8,  8)  were  the 
major  herbs. 

Vegetation  around  Gyp  Springs  Rockshelter  site  was  81% 
open,  dominated  by  Juniperus  communis  (7,  27),  Artemisia 
tr i dent at a  (20,  21),  and  Chrysothamnus  v i sc  id  if  1 orus  (31, 
8).  Sarcobatus  vermiculatus  (4,  7),  Atriplex  confertifolia 
(6,  2),  Rhus  trilobata  (9,  4),  and  Astragalus  vexilliflexus 
(9,  10)  are  associated  species.  Gyp  Springs  Rockshelter 
demonstrated  more  species  diversity  than  the  other  study 
sites  in  this  zone. 

Vegetation  Zones  adjacent  to  Study  Sites 

All  the  study  sites  are  situated  in  the  vegetation  zones 
described  above.  A  discussion  of  the  other  vegetation  zones 
shown  in  Fig.  3  is  pertinent  to  the  understanding  of  the 
other  vegetative  influences  characterizing  the  regional 
pollen  rain  component.  The  following  description  summarize 
the  findings  of  South  (1974). 

Rock  Outcrop-Forest 

Vegetation  in  this  zone  is  sparse.  Pseudotsuga  menziesii  and 
Pinus  flexilis  are  characteristic  tree  species,  associated 
with  Juniperus  scrophul orum .  The  understory  is  similar  in 
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composition  to  that  found  in  the  xeric  variants  of  the 
Douglas  Fir  zone.  Rhus  trilobata,  Chrysothamnus  nauseosis , 
and  Eriogonum  chrysops  are  common,  along  with  species  of 
mustard  and  grass. 

Mountain  Grassland 

Grasses  are  dominant  in  this  zone,  typically  consisting  of 
bluegrasses,  wheat grasses ,  Idaho  fescue,  and  needlegrass. 
Forbs  and  shrubs  are  present  according  to  available 
moisture,  exposure,  and  soil  type.  The  common  forbs  include 
lupine,  balsamroot,  geranium,  and  yarrow.  Shrubs  include 
Artemesia  tr identata  and  Potent  ilia  fruticosa. 

St  reams ide  Hardwood 

The  Streamside  Hardwoods  zone  is  rich  and  contains  a  variety 
of  species  variably  distributed  with  elevation.  The  dominant 
species  along  the  streams  include  several  species  of 
Popu 1  us r  Sal ix  ex i gua ,  Betula  occ i dent a  1  is,  Acer  g 1 abrum , 
A1 nus  incana,  Prunus  v irgin iana,  Cornus  stolon  if era , 
Crataegus  dougl asi i ,  and  Rosa  Woods i i . 

Sagebrush  Grassland  Zone 

The  vegetation  in  the  Sagebrush  Grassland  zone  is  divided 
into  two  variants,  reflecting  species  tolerances  to  soil 
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fertility  and  moisture.  The  moist  variant  is  a  complex 
community  dominated  by  grasses  and  forbs.  Artemisia  and 
Chrysothamnus  are  associated  shrubs.  The  xeric  variant 
consists  of  Artemi  si a-Poaceae  associations,  with  species  of 
Atriplex  common  in  some  localities. 

Red  Desert  Salt  Shrub  Zone 

Vegetation  in  the  Red  Desert-Salt  Shrub  zone  is  sparse, 
comprised  of  a  scattered  low  ground  cover.  Several  species 
of  Atriplex  dominate  the  landscape,  along  with  Artemisia 
Spi nescens.  Grasses,  Chenopods,  and  Opuntia  are  associated 
with  this  vegetation. 

MODERN  POLLEN  RAIN 

The  vegetation  surveys  conducted  in  the  Pryors  show  that 
Pinus  and  Artemisia ,  two  notorious  overproducers  of  pollen, 
are  present  locally  in  each  vegetation  zone  containing  cave 
and  rocks'nelter  study  sites.  Thus  it  is  not  surprising  that 
most  pollen  assemblages  collected  in  the  Tauber  traps  and 
from  the  surface  samples  are  dominated  by  either  Pinus  or 
Artemisia.  There  are  exceptions,  however,  which  will  be 
discussed  in  the  text. 

On  occasion,  the  rarer,  normally  entomophi llous  pollen 
types  were  found  in  significant  quantities  in  the  pollen 
sample.  Where  possible,  the  insects  found  in  the  Tauber 
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traps  were  identified  to  see  if  thy  suggested  contamination 
of  the  airborne  pollen  assemblage  by  insect  borne  pollen. 
Contamination  would  be  suggested  in  cases  where  pollen  of  a 
plant  type  utilized  by  an  insect  was  found  in  association 
with  that  insect.  In  no  case  did  the  correlation  occur. 
Although  the  presence  of  insects  in  some  of  the  traps 
indicate  insect  borne  pollen  contamination  may  have 
occurred,  from  the  data  available  it  is  impossible  to 
evaluate  the  extent  and  type  of  bias  exhibited  by  the 
sample.  Appendix  I  shows  that  the  majority  of  identifiable 
insects  are  not  sighted  on  flowers,  and  thus  do  not 
immediately  suggest  pollen  importation. 

The  following  discussion  refers  to  Fig.  2  (in  pocket), 
and  Fig.  4  (a  simplified  version  of  Fig.  2).  In  the  text, 
pollen  frequencies  are  rounded  to  the  nearest  whole  number, 
and  expressed  using  the  convention  below: 

(A,  B,  C,  D,  E)  where:  A=Open  Air  Trap 

B=Lip  Trap 
C=Cave  Trap 

D=Open  Air  Surface  Sample 
E=Cave  Floor  Surface  Sample 

A  slash  denotes  that  there  are  2  samples  which  fill  that 
category  (e.g.,  B/B;  C/C  etc.).  For  cave  traps,  the 
frequency  following  the  slash  always  denotes  the  trap  placed 
nearest  the  back  wall  of  the  cave  (In  the  discussion,  cave 
trap  A  describes  the  Tauber  trap  in  the  cave  closest  to  the 
mouth,  and  cave  trap  B  describes  the  Tauber  trap  nearest  the 
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Figure  4.  Abbreviated  Relative  Percent  Surface 
Pollen  Diagram  for  Cave  and  Rockshelter 
Pryor  Mountains,  Montana 
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Abbreviated  Relative  Percent  Surface  Sample  Pollen  Diagram  for  Cave  and  Rockshelter  Sites,  Pryor  Mountains,  Montana  Legend 
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back  wall).  An  asterisk  (*)  indicates  pollen  frequencies  of 
less  than  1%.  Missing  values  are  noted  with  a  placeholder 
(-). 

Englemann  Spruce-Alpine  Fir  Forest  and  Meadow 

Of  the  five  pollen  assemblages  from  Cowboy  Bob  Rockshelter, 
three  show  similar  compositions;  Cave  Trap  B,  open  air 
surface  sample,  and  cave  floor  surface  sample  (Fig.  4).  The 
open  air  trap  and  the  cave  trap  (A),  on  the  other  hand, 
provide  very  different  pollen  assemblages.  Whereas  Pinus 
dominates  the  cave  trap  (B),  open  air  surface  sample,  and 
cave  floor  surface  sample  (27,  48/81,  72,  81),  Artemisia 

contributes  a  greater  share  of  the  pollen  in  cave  trap  (A) 
and  the  open  air  trap  (53,  -,  34/6,  6,  4).  Poaceae  follows  a 
similar  pattern  of  distribution  (7,  -,  8/3,  2,  1).  Picea  (*, 
2/1,  3,  7)  and  Abies  (-,  -,  -/*,  5,  4),  which  are  the 

dominant  trees  in  the  local  vegetation,  are  underrepresented 
in  all  samples,  although  they  appear  to  be  slightly  better 
represented  in  surface  samples  within  and  outside  the  cave. 

Due  to  the  overrepresentation  of  Pinus  and  Artemisia , 
other  taxa  do  not  demonstrate  significant  variation  between 
samples.  Observed  differences  in  the  AP/NAP  ratios  in  the 
suite  of  samples  from  Cowboy  Bob  largely  reflects  the  ratio 
of  Pinus  to  Artemisia. 

The  pollen  spectra  derived  from  samples  from  Cave  Ann 
are  unlike  those  from  Cowboy  Bob  Rockshelter.  Overall,  they 
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are  marked  by  lower  frequencies  of  Pinus,  and  higher 
frequencies  of  herbaceous  taxa.  Pinus  values  do  not  exceed 
61%  in  any  sample  (26,  49,  23/31,  61,  29). 

Unlike  Cowboy  Bob  Rockshelter,  high  Artemisia 
frequencies  (31,  2,  10/5,  11,  1)  do  not  account  for  the 
lower  Pinus  frequencies.  Instead,  samples  from  inside  Cave 
Ann  are  characterized  by  strong  representation  of  Asteraceae 
pollen;  frequencies  ranging  between  24-50%  of  the  total.  The 
majority  of  Asteraceae  pollen  were  high  spine  grains  of  the 
Tribe  Tubuliflorae  (2,  16,  42/37,  4,  45).  Cave  pollen 
samples  also  demonstrate  relatively  high  values  of 
Caryophyllaceae  (1,  4,  10/6,  *,  8)  and  Polygonaceae  (*,  2, 
5/3,  1,  9).  Taxa  within  the  Fabaceae  family  were  strongly 
represented  in  the  open  air  trap  (32,  2,  1/4,  *,  4), 
Oxytropis  contributing  21%  of  the  total  in  that  sample.  All 
samples  from  this  site,  demonstrate  frequencies  under  3%  for 
both  Poaceae  (*,  3,  2/1,  1,  1)  and  Cheno-Ams  (pollen  of 
either  Chenopodiaceae  or  Amaranthaceae )  (3,  1,  1/1,  2,  *). 

In  Cave  Ann,  Picea  (1,  5,  2/3,  13,  1)  and  Abies  (1,  3, 
*/ 1 ,  4*)  frequencies  are  low,  an  exception  being  the  open 
air  surface  sample.  Strong  Picea  representation  in  this 
sample  likely  reflects  its  proximity  to  a  Picea  engelmannii 
stand . 

Douglas  Fir  Forest 


At  Cave  1  West,  the  surface  samples  are  both  characterized 
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by  Pinus  frequencies  of  greater  than  80%  (44,  38,  33,  88, 
85).  However,  percentages  differ  significantly  between  the 
surface  samples  for  Picea  (1,  *,  *,  3,  11).  Abies  is 
observed  only  in  the  surface  samples  (0,  0,  0,  *,  1)  but  it 
represents  a  long  distance  component.  The  open  air  trap,  lip 
trap  and  cave  trap  are  all  characterized  by  higher  values 
than  the  surface  samples;  Artemisia  (14,  23,  41,  2,  1); 
Poaceae  (17,  10,  7,  2,  1)  and  Cheno-Ams  (8,  5,  8,  4,  1). 
Frequencies  of  minor  herbaceous  taxa  are  greater  for  the 
trapped  samples  than  the  surface  samples,  and  have  slightly 
higher  percentages  for  the  lip  and  cave  traps  than  for  the 
open  air  trap.  The  lip  trap  has  a  higher  percentage  of 
Campanulaceae  (0,  2,  *,  0,  0)  Apiaceae  (*,  12,  *,  0,  0). 
Trapped  samples  provide  higher  percentages  of  both  high 
spine  (1,  5,  2,  *,  0),  and  low  spine  Tubul i f loreae  (4,  2,  4, 
*,  0)  than  the  surface  samples. 

Like  Cave  1  West,  the  surface  samples  at  Cave  2  West 
provide  pollen  assemblages  that  closely  resemble  each  other. 
Both  samples  have  Pinus  frequencies  exceeding  70%  (54,  36, 
*,  75,  70).  Picea  is  well  represented  in  both  surface 
samples  (0,  1,  -,  10,  8).  The  cave  floor  surface  sample 
contains  4%  Abies  (1,  0,  -,  *,  4).  While  shrubs  and  herbs 
are  equally  well  represented  in  the  surface  samples, 
significant  variation  is  expressed  between  the  trapped 
samples.  Artemisia  (17,  25,  -,  8,  8);  Poaceae  (3,  17,  -,  1, 
2);  and  Cheno-Ams  (3,  8,  -,  4,  2)  have  greater  frequencies 
for  the  lip  trap,  while  Apiaceae  (mostly  Bupl eurum  type) 
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contributes  20%  of  the  pollen  in  the  open  air  trap  (20,  1, 
"  ,  0  ,  *  )  . 

The  pollen  spectra  at  Cave  3  West  is  distinguished  from 
other  sites  by  relatively  low  percentages  of  Pinus  (34,  42, 
22,  -),  moderate  percentages  of  Artemisia  (16,  19,  24,  -, 
-),  Poaceae  (8,  19,  10,  -,  -)  and  Cheno-Ams  (5,  6,  7,  -,  -); 
and  high  percentages  of  taxa  within  the  Rosacea  family  (9, 
3,  22,  -,  -).  In  the  cave  trap,  the  Rosaceae  family  is 
largely  represented  by  Sanguisorba  and  Spirea  types.  The 
pollen  assemblage  from  the  open  air  trap  has  a  high 
percentage  of  Apiaceae  (21,  0,  1,  -,  -)  pollen. 
Campanulaceae  (0,  0,  4,  -,  -)  is  found  in  the  cave  trap, 
contributing  4%  of  the  total  pollen  in  this  sample. 
Asteraceae  contributes  8%  of  the  pollen  in  the  cave  trap, 
primarily  high  spine  varieties  of  the  Tribe  Tubuiiflorae  (1, 
1  ,  6,  -,  -) . 

The  samples  from  Cave  1  East  provide  a  series  of  very 
different  pollen  records.  Pinus  frequencies  vary  from  30-82% 
(47,  30,  -,  82,  45).  Picea  remains  low,  totalling  3%  of  the 
open  air  surface  sample  (1,  *,  -,  3,  2).  The  greatest  varia¬ 
tion  observed  among  the  shrub  and  herb  pollen  was  in  the 
Cheno-Ams,  which  ranges  from  1-45%  (5,  45,  -,  1,  11). 
Variability  is  often  great  among  the  major  NAP  components; 
Artemisia  (24,  13,  -,  6,  12),  and  Poaceae  (13,  8,  -,  1,  5). 
The  cave  floor  surface  sample  is  characterized  by  a  strong 
representation  of  minor  herbaceous  components:  frequencies 
of  one  percent  or  greater  were  recovered  for  Campanulaceae, 
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L  igul if  1 orae ,  Iva  xanthiflora  type,  Fabaceae,  Polygonaceae , 
and  Apiaceae.  In  addition,  a  variety  of  other  herbs  were 
found  in  trace  quantities  (Fig.  4). 

Samples  from  Cave  2  East  also  provide  a  variable  pollen 
record.  The  cave  floor  surface  sample  (b),  and  the  open  air 
surface  sample  provide  very  high  frequencies  of  Pinus  (58, 
44,  56,  90,  28/88),  and  concomitantly  low  frequencies  of 
Artemisia  (10,  42,  19,  1,  48/3).  The  lip  trap  and  cave  floor 
surface  sample  (a),  which  have  values  for  Artemisia  in 
excess  of  40%,  also  have  similar  values  for  Poaceae  (12,  4, 
10,  2,  7/1)  and  Cheno-Ams  (4,  5,  5,  2,  5/1).  Picea  (1,  *,  1, 
2,  1/5)  and  Abies  (*,  0,  *,  3,  */1)  are  best  represented  in 
the  surface  samples;  and  locally  abundant  Acer  glabrum  is 
relatively  well  represented  in  the  cave  floor  surface  sample 
(b)  (*,  0,  * ,  2,  1/5).  The  open  air  trap  contained  10% 
Asteraceae  grains;  predominantly  High  Spine  varieties  of  the 
Tribe  Tubuli florae  (8,  3,  4,  *,  4/*)  . 

The  open  air  pollen  trap  at  Bobcat  Rockshelter  was 
contaminated  by  many  insects,  including  wasps,  which 
accounts  for  the  high  NAP  frequencies  derived  from  this 
sample.  The  pollen  assemblage  was  dominated  by 
Symphor icarpos  (43%),  a  locally  abundant  shrub.  As  a  result, 
Pinus  freqeuncies  for  Bobcat  Rockshelter  ranged  from  3-77% 
(3,  45,  -,  77,  64).  The  lip  trap  differed  from  the  surface 
samples  in  higher  values  of  Artemisia  (9,  22,  -,  5,  17)  and 
Poaceae  (3,  15,  -,  1,  3).  Insect  contamination  is  apparent 
in  the  high  values  of  Rosaceae  (6,  *,  -,  0,  1),  High  Spine 
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Tubuliflorae  (16,  1,  1,  1)  and  Allium  (15,  0,  -,  0,  0), 
found  in  the  open  air  trap. 

Skylight  Cave  has  two  entrances,  so  open  air  traps  and 
surface  samples  were  positioned  10m  in  front  of  the  cave 
mouth  for  both  the  south  and  east  openings  (Fig.  5).  These 
open  air  surface  samples  have  similar  Pinus  frequencies  and 
are  higher  than  the  other  samples,  exceeding  80%  (57/34,  -, 
42,  81/87,  -);  note:  cave  floor  surface  samples  will  be 
discussed  separately  in  this  section).  The  constraint  posed 
by  high  Pinus  in  these  open  air  surface  samples  causes  the 
other  major  taxa  to  covary  within  3%  of  each  other  (Fig.  4). 

The  cave  traps  have  greater  frequencies  of  Artemisia 
(12/10,  -,  25,  4/1,  -)  and  Cheno-Ams  (4/4,  -,  7,  2/1,  -) 
than  the  open  air  traps.  Poaceae  frequencies  are  similar 
between  the  trap  samples  (13/15,  -,  15,  2/3),  but  the  open 
air  traps  have  conspicuously  high  values  of  minor  herb  taxa. 
The  open  air  trap  (b)  has  Rosaceae  pollen  (Sangu i sorba  type) 
dominating  the  NAP  component  (0/21,  -,  1,  */0).  Open  air 
trap  (a)  has  8%  Apiaceae  pollen  (8/1,  -,  *,  0/1). 

Among  the  cave  floor  surface  samples  (Fig.  4)  Pinus 
frequencies  vary  within  the  range  established  by  the  open 
air  samples  from  39-57%  (51/55/39/57/55/17  --  samples  A,  B, 
C,  D,  E,  Fecal,  respectively).  The  long  distance  component, 
Abies,  reaches  5%  in  sample  E  ( 1/2/*/3/5/0 ) .  The  fecal 
sample,  which  has  a  low  frequency  of  Pinus,  has 
correspondingly  high  Artemisia  values  (27/22/22/15/16/40). 
Poaceae  ( 9/8/6/4/3/6 )  and  Cheno-Am  ( 6/5/9/4/6/6 )  frequencies 
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Figure  5.  Location  of  Sediment  Samples,  Cave  Trap, 
Vegetation  Within  Skylight  Cave  (Plan  View) 
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show  little  variation  between  samples;  Caryophyllaceae 
( 1 /2/2/2/*/3 )  Sarcobatus  ( */1/2/2/*/3 ) .  A  wide  variety  of 
minor  herbs  are  well  represented  overall  among  the  cave 
floor  surface  samples,  but  frequencies  are  generally  greater 
by  1-3%  in  the  fecal  sample  (Fig.  2). 

Utah  Jun iper-Blacksage  Desert 

Despite  the  open  nature  of  the  vegetation  from  the 
Utah-Juniper  Blacksage  sites,  P i nus  is  a  major  component  of 
the  pollen  rain  in  all  samples. 

At  the  Crooked  Creek  Rockshelter,  remarkable  similarity 
is  expressed  between  all  samples,  except  the  open  air 
surface  sample.  This  last  sample  has  a  conspicuously  high 
frequency  of  P i nus  (42,  30,  30,  70,  32).  The  brown  color  and 
abraded  condition  of  Pinus  grains  in  this  sample  suggest 
that  this  peak  reflects  a  taphonomic  factor  rather  than  a 
sampling  bias.  It  is  hypothesized  that  pollen  from  years 
past  become  reairborne  when  the  wind  disturbs  the  loose 
sandy  substrate  and  these  sand-abraded  grains  enrich  the 
surface  samples. 

The  cave  floor  surface  sample  distinguishes  itself  from 
the  other  samples  in  its  low  percentage  of  Artemisia  (32, 
34,  37,  4,  15)  and  Poaceae  (7,  4,  5,  2,  2)  and  high 
percentage  of  Cheno-Ams  (14,  7,  13,  7,  29).  Samples  from 
inside  the  rockshelter  overall  demonstrate  better  represen¬ 
tation  of  nonarboreal  taxa,  the  bulk  of  the  difference 
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resulting  from  the  high  percentage  of  high  spine 
Tubuli florae  in  this  sample  (0,  18,  7,  3,  8). 

At  Burnt  Timber  Rockshelter,  the  two  most  similar 
samples  are  the  surface  samples.  The  highly  abraded  exine  of 
the  Pinus  specimens  once  again  suggests  that  the  high 
frequencies  of  Pinus  are  due  to  redeposition  of  the  past 
season's  Pinus  grains  by  wind.  Pinus  frequencies  vary  from 
48-84%  (48,  68,  53,  84,  82).  For  the  other  taxa  observed 
among  the  surface  samples,  percentages  come  within  1%  of 
each  other,  excepting  low  spine  Tubuliflorae  (4,  7,  8,  1,  4) 
and  Polygonaceae  (1,  1,  *,  4,  *),  which  vary  3-4%. 

The  lip  trap  is  less  similar  to  the  open  air  and  cave 
trap  than  they  are  to  each  other.  The  high  value  of  Pinus  in 
the  lip  sample  constrains  the  percentage  of  Artemisia  (20, 
13,  21,  5,  6).  For  most  of  the  other  major  taxa,  frequencies 
come  within  a  few  percent  of  each  other.  Cheno-Ams  (9,  8,  6, 
2,  3)  and  Poaceae  (3,  3,  4,  1,  *)  are  the  other  major  pollen 
types  in  these  assemblages. 

The  Gyp  Springs  Rockshelter  provides  a  more  variable 
pollen  spectra.  Pinus  frequencies  range  from  22-69%  (27,  -, 
22/69,  55,  60).  Low  frequencies  for  Pinus  in  the  open  air 
trap  is  accounted  for  by  a  high  percentage  of  Artemisia  (49, 
-,  27/11,  18,  12),  and  in  the  cave  trap  (a)  by  a  high 
percentage  of  Cheno-Am  pollen  (10,  -,  23/9,  8,  11).  Poaceae 
(3,  -,  5/1,  1,  4),  Caryophyllaceae  (0,  -,  2/*,  0,  0), 
Asteraceae  (7,  -,  9/5,  3,  2),  and  Sarcobatus  (*,  -,  8/3,  2, 
5)  are  slightly  better  represented  in  the  cave  trap  (a)  as 
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well.  Long  distance  components  Picea  (0,  0/0,  10,  3)  and 
Abies  (0,  -,  0/0,  2,  2)  were  observed  only  in  the  surface 
samples . 
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ANALYSIS 


Relationship  Between  Pollen  Rain  and  Local  Vegetation 

The  dendrogram  (Fig.  6)  presents  the  results  of  the  cluster 
analysis,  and  the  degree  of  similarity  exhibited  between 
samples  from  each  site  and  vegetative  zone.  Cluster  analyses 
applied  to  surface  sample  data  have  recognized  gross 
vegetation  zones  in  other  studies  (e.g.,  Birks,  1973), 
however,  in  this  study,  sorting  by  vegetation  zone  was  not 
evident.  The  samples  from  the  Sub-Alpine  plateau,  Douglas 
Fir  forest  and  the  Utah  Juniper-Blacksage  zones  seem 
randomly  distributed  throughout  the  dendrogram. 

On  the  other  hand,  the  clusters  recognize  the  samples 
derived  from  Tauber  traps  and  surface  sediments  as  discrete 
groups.  This  reflects  the  fact  that  Tauber  traps  and  sedi¬ 
ment  samples  are  not  strictly  comparable.  Whereas  the  Tauber 
traps  in  this  experiment  sampled  a  single  season’s  wind 
transported  pollen,  the  pollen  assemblages  from  sediment 
samples  represented  several  seasons’s  pollen  rain  (net 
averaging  effect)  derived  from  a  variety  of  transport 
components  (Tauber,  1967)  and  subjected  to  oxidative  and 
mechanical  exine  degradation  processes.  In  the  Pryor 
Mountains,  the  net  effect  of  these  variables  caused  the  sed¬ 
iment  samples  to  contain  higher  percentages  of  pine  pollen, 
and  lower  percentages  of  Artemisia,  Poaceae,  Cheno-Ams  and 
other  NAP.  The  surface  samples  which  clustered  among  the 
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Figure  6.  Results  of  Cluster  Analysis  (Wards,  1963) 
Between  Contemporaneous  Pollen  Assemblages  from 
Cave  and  Rockshelter  Sites  Located  in  Three 
Vegetation  Zones,  Pryor  Mountains,  Montana 
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Tauber  trap  samples  all  contained  less  Pinus  pollen  and 
greater  frequencies  of  NAP. 

Two  study  sites  provided  pollen  samples  that  clustered 
as  a  discrete  group.  Of  these,  Cave  Ann  is  statistically  the 
most  unique.  This  is  a  function  of  the  high  percentage  of 
herb  pollen,  especially  Asteraceae  pollen,  found  in  the  Cave 
traps . 

The  most  internally  consistent  locality  is  Burnt  Timber 
Rockshelter,  where  all  samples  except  the  open  air  surface 
sample  cluster  together.  The  open  air  surface  sample  was 
distinguished  by  low  values  of  Asteraceae  pollen,  and  higher 
Polygonaceae  percentages  than  the  other  samples  from  this 
si  te . 


The  dendrogram  indicates  that  the  pollen  assemblages 
recovered  from  the  three  ecological  zones  in  this  study  are 
not  sufficiently  dissimilar  to  reflect  the  distinct 
vegetation  zones  observed  on  the  landscape.  This  lack  of 
resolution  can  be  attributed  to  (1)  the  predominance  in  each 
zone  of  arboreal  species  that  are  notoriously  unrepresented 
in  the  pollen  rain  {Picea,  Abies ,  Jurii  perus,  and 
Pseudotsuga) ,  and,  (2)  the  local  presence  of  overproducers  ( 
Pinus  and  Artemisia) . 

Although  Pinus  dominates  the  vegetation  landscape  at 
only  one  locality  (Burnt  Timber  Rockshelter),  and  Artemisia 
figures  as  a  minor  vegetation  component  (less  than  2% 
dominance)  at  all  sites  except  the  Crooked  Creek  Rockshelter 
and  Gyp  Springs  Rockshelter,  Pinus  and  Artemesia  species 
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were  at  least  minimally  present  in  each  zone.  In  the  Douglas 
Fir  forest,  species  of  Artemisia  (predominantly  A. 
tridentata)  were  observed  on  southern  exposures  and  sunny 
slopes,  accompanied  by  isolated  occurences  of  Pinus  flexilis 
and  dun i perus  scrophul orum .  Artemisia  was  an  important 
consitituant  of  the  Subalpine  Plateau  and  Forest-Meadow,  in 
the  valley  recesses  and  on  slopes.  With  few  exceptions, 
(cave  samples,  Cave  Ann;  lip  trap,  Cave  1  East;  cave  floor 
surface  sample,  Crooked  Creek  Rockshelter)  these  two  taxa 
dominate  the  pollen  spectra  from  each'  site. 

Fig.  7  presents  schematically  the  relationship  between 
the  pollen  rain  and  the  density,  dominance  and  frequency 
values  observed  in  the  vegetation  surrounding  the  cave  study 
sites.  Cave  traps  from  Cave  Ann  were  the  only  samples  where 
Pinus  frequencies  approximate  the  density  or  dominance  of 
Pinus  in  the  field,  however,  these  depressed  Pine  values 
reflect  the  high  incidence  of  Asteraceae  pollen  in  these 
samples . 

Pollen  frequencies  for  dun i perus  are  quite  low  at  all 
sites.  While  other  studies  have  shown  Cupressaceae  pollen  to 
have  good  areal  influx  and  dispersal  (McLennon,  1981;  Ebell 
and  Schmidt,  1964),  dun i perus  frequencies  from  all  samples 
in  this  study  are  low,  (under  5%).  Pollen  surface  samples 
from  the  Bighorn  Mountains,  to  the  southeast,  reported  by 
Birkhart  (1976),  are  as  low  as  those  reported  here. 

One  possible  explanation  for  the  low  frequencies  of 
Cupressaceae  pollen  in  pollen  traps  may  be  that  large 
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Figure  7. 


Relationship  Between  Pollen  Rain  and  Local  Tree 
Composition 
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Relationship  Between  Pollen  Rain  and  Local  Tree  Composition 
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amounts  of  the  past  season's  pollen  may  have  been 
reintroduced  into  the  air  by  wind  blowing  the  loose 
substrate.  This  suggestion  was  also  advanced  to  explain  the 
degraded  condition  of  Pinus  grains  from  the  desert  sites.  It 
is  suspected  that,  due  to  its  aerodynamic  structure,  Pinus 
is  selectively  resuspended  by  wind,  due  to  the  fresher  ap¬ 
pearance  of  grains  of  other  taxa.  If  this  is  the  case, 
reintroduced  Pinus  would  depress  the  frequencies  of  other 
pollen  types,  particularly  those  such  as  dun i perus ,  which 
are  highly  susceptible  to  degradation,  and  less  likely  to 
sustain  a  season's  weathering. 

Picea  and  Abies  frequencies  are  as  high  in  some  samples 
from  the  desert  localities  as  they  are  in  the  Picea 
engel mann i i -Abies  lasiocarpa  forest.  Picea  and  Abies 
frequencies  reported  here  from  subalpine  localities  corre¬ 
spond  to  frequencies  for  Picea  (2-4%)  and  Abies  (0-4%) 
encountered  by  Birkhart  (1976)  in  subalpine  localities  in 
the  Bighorns. 

At  sites  within  the  Douglas  Fir  Forest,  Picea  pollen  is 
underrepresented  in  all  pollen  traps,  although  Picea  pollen 
from  sediment  samples  tend  to  be  representative  of  the  zonal 
average  in  the  vegetation  (Fig.  7).  Picea  frequencies  in 
this  study  are  similar  to  those  reported  Birkhart  (1976)  for 
Douglas  Fir  forest  samples  in  the  Bighorns. 

The  frequencies  of  Pseudotsuga  reported  here  are  lower 
than  those  found  by  Birkhart  (1976).  Birkhart' s  samples  were 
also  collected  in  Pseudotsuga  stands,  and  yielded  high 
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percentages  of  Pseudotsuga  pollen  (12-23%).  Wright  (1967) 
found  that  Pseudotsuga  pollen  deposition  falls  to 
insignificant  levels  within  20m  of  the  source.  Low  pollen 
production  as  well  as  great  susceptibility  to  corrosion 
(Baker,  1976)  contribute  to  its  low  incidence  in  the  pollen 
record.  While  trace  quantities  of  Pseudotsuga  pollen  have 
been  reported  from  Pseudotsuga  sites  (Baker,  1976;  McLennon, 
1981;  McAndrews  and  Wright,  1960),  it  is  likely  the  low 
frequencies  reported  here  are  augmented  by  the  stringent 
criteria  imposed  upon  Pseudotsuga  identifications  in  this 
study  (see  methodology  section).  Baker  (1976)  noted  that  the 
majority  of  Pseudotsuga  grains  in  his  study  were  found 
folded  and  broken,  whereas  here  only  Pseudotsuga  grains  in  a 
fresh  condition  were  counted. 

From  Fig.  7,  it  is  clear  that  the  vegetational 
composition  of  the  plant  communities  observed  in  the  Pryor 
Mountains  are  not  reflected  by  the  pollen  assemblages. 
Although  other  studies  of  plant  communities  situated  on  an 
altitudinal  gradient  have  produced  pollen  records  that  are 
sufficiently  dissimilar  to  enable  their  recognition  on  the 
basis  of  their  pollen  assemblage  (cf.  Maher,  1963),  the 
species  dominating  the  various  vegetation  zones  in  the  Pryor 
Mountains  are  poorly  represented  in  the  pollen  rain. 

In  the  absence  of  vegetation  data  the  community  ana¬ 
logue,  or  comparative  approach  (Wright,  1967)  to  inter¬ 
preting  pollen  assemblages  would  not  provide  an  accurate 
picture  of  the  vegetation  in  the  Pryors.  However,  an 
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autecological ,  or,  indicator-species  approach  (Birks  and 
Birks,  1980)  to  the  data  would  provide  some  insight  to  past 
vegetation  composition.  Some  general  trends  are  observed  in 
the  pollen  record  from  the  three  vegetation  zones. 

Both  Cowboy  Bob  Rockshelter  and  Cave  Ann,  located  in 
the  subalpine  meadow  with  interspersed  stands  of  Abies 
1  as iocarpa-P i cea  engelmannii,  are  characterized  by  higher 
values  of  Caryophyllaceae ,  Polygonaceae  (including  Polygonum 
bistorta ,  P.  bistortoibesr  and  Eriogonum) ,  and  lower 
percentages  of  Cheno-Ams  than  those  samples  derived  from  the 
Douglas  Fir  Forest  or  the  Utah  Juniper-Blacksage  zone. 
Samples  from  the  Douglas  Fir  zone  are  the  only  samples  which 
contain  pollen  of  Acer  glabrumf  Cornus  stolon  if era f 
Symphor i carpos ,  Spi rea ,  R i bes ,  Shepherd iar  Smi 1 ac i na ,  Rubus , 
and  other  woodland  taxa  all  of  which  were  located  growing 
locally  in  the  ecological  survey  (Table  3).  Interestingly, 
pollen  from  Arceuthob i urn ,  a  parasitic  plant  occuring  in 
spruce  forests,  was  found  at  Crooked  Creek  Rockshelter  in 
the  Utah  Juniper-Blacksage  Zone,  where  no  Picea  are  to  be 
found . 

At  the  desert  localities,  Sarcobatus  percentages  were 
higher  than  found  at  most  other  localities.  Opuntia  pollen 
occurred  in  samples  from  the  Utah-Juniper  Blacksage  zone 
more  frequently  than  at  other  sites:  it  was  observed  only  in 
cave  floor  surface  samples  at  Skylight  Rockshelter. 


Patterning  in  the  Cave  Samples 
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One  goal  of  this  study  was  to  determine  whether  the  samples 
from  the  Pryor  Mountains  would  reveal  consistant  biases 
unique  to  pollen  assemblages  derived  from  caves.  Pollen 
records  from  Paleolithic  cave  sites  often  demonstrate  high 
NAP  percentages,  for  which  no  suitable  analogue  has  been 
found  among  modern  pollen  studies  of  contemporary 
landscapes.  This  has  led  to  the  development  of  the 
hypothesis  held  by  some  researchers  ( c f . Leroi -Gourhan ,  1965; 
Couteaux,  1977),  that  cave  derived  pollen  assemblages 
consistently  overrepresent  nonarboreal  pollen. 

The  samples  from  the  Pryor  Mountain  caves  and 
rockshelters  do  not  show  any  consistent  bias  toward  NAP.  As 
discussed  in  the  previous  section,  some  cave  samples 
demonstrate  high  NAP  percentages  (such  as  Cave  Ann,  Crooked 
Creek  Rockshelter ) ,  but  other  cave  traps  produced  the 
highest  AP  percentages  of  their  suite  of  samples  (cave  trap 
(b),  Gyp  Springs  Rockshelter;  cave  traps  (a)  and  (b),  Cowboy 
Bob  Rockshelter). 

Bui-Thi-Mai  (1974)  discovered  that  at  Abri  Vaufrey, 
light,  aerodynamic  pollen  grains  are  better  represented  in 
samples  at  the  rear  of  the  cave.  Comparisons  of  Pinus 
frequencies  between  cave  traps  (a)  and  (b)  at  Cowboy  Bob 
Rockshelter,  Cave  Ann,  and  Gyp  Springs  Rockshelter  also 
demonstrate  this  pattern.  However,  the  lip  traps  which  are 
located  inside  the  cave  but  within  50cm  of  the  mouth  do  not 
reflect  this  trend.  Among  the  cave  floor  and  surface  samples 
no  trend  is  apparent  in  the  AP/NAP  composition  of 


* 
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assemblages . 


At  Cowboy  Bob  Rockshelter,  Cave  1  West,  Cave  2  East, 
and  Burnt  Timber  Rockshelter,  the  cave  floor  surface  sample 
exhibits  the  greatest  arboreal  representation  observed  among 
the  suite  of  samples  from  each  of  these  sites.  Cave  floor 
surface  samples  from  Cave  2  East  (a)  and  Cave  Ann  had  the 
lowest  arboreal  representation  of  the  suite  of  samples  from 
these  localities. 

Sediment  samples  within  caves  represent  the  type  of 
sample  used  in  archeological  pollen  analysis,  and  comparison 
of  the  samples  from  Skylight  Cave  (Fig.  5)  elucidates  the 
problems  facing  paleoenvi ronmental  interpretation  of  pollen 
samples  from  cave  sediments.  While  the  sediment  samples 
recovered  from  the  cave  fall  within  the  range  of  values 
established  by  the  outside  traps  for  the  taxa  Pinus  and 
Artemisia,  Poaceae  frequencies  range  from  3-9%,  for  cave 
floor  surface  samples,  whereas  the  frequencies  from  pollen 
traps  cluster  between  13-15%.  Among  the  surface  samples 
derived  from  inside  the  cave,  Picea  values  range  widely, 
from  under  3 %— 1 6% .  The  occurence  of  Abies ,  too,  ranges  from 
1-4%. 


Overall,  Pinus  frequencies  from  surface  samples  are 
higher  than  those  from  pollen  traps.  This  probably  reflects 
the  cumulative  over representat ion  of  pine,  and  its 
subsequent  restraint  on  the  appearance  of  other  taxa, 
particularly  those  suseptible  to  oxidation.  This  process 
would  produce  a  net  averaging  effect  on  the  samples. 
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Agencies  of  Pollen  Influx  into  Caves 

Janssen  (1966)  and  Tauber  (1965,  1967)  are  primarily 
responsible  for  developing  a  model  of  pollen  transport  and 
representation,  Jacobson  and  Bradshaw  (1981)  synthesize 
these  ideas  to  produce  a  model  of  pollen  transport  to  lake 
sites  adding  the  additional  component  of  gravity-controlled, 
vertical  dry  deposition  of  pollen  and  pollen  bearing  plant 
remains  onto  the  sampling  site.  Using  Janssen's  (1966)  and 
Tauber's  (1965)  original  terminology,  they  define  regional 
pollen  rain  as  that  derived  from  grains  transported  by 
rainfall(Cr)  and  above  the  canopy  (Cc),  extralocal  pollen 
rain  as  transported  through  trunkspace  (Ct),  surface  runoff 
(Cw),  and  above  the  canopy  (Cc);  and  local  pollen  rain  as 
transported  by  gravity  (Cg),  surface  runoff  (Cw),  and  trunk 
space  (Ct ) . 

All  pollen  sampling  sites  reflect  these  portions  of  the 
pollen  rain  to  some  degree.  However,  the  dominant  influence 
of  one  or  more  of  these  components  results  from  the  combined 
effects  of  environmental  factors  including  size  of  site, 
topographic  position,  prevailing  winds,  type  of  vegetation 
surrounding  the  site,  presence  of  inflowing  streams  or  other 
sources  of  long  distance  pollen,  and  so  on. 

Cave  deposits  are  subject  to  a  different  suite  of 
pollen  transport  components  than  lakes,  bogs  and  open  air 
sites  (Fig.  8).  Because  cave  deposits  are  protected, 
rainfall  (Cr)  plays  an  insignificant  role  in  transporting 
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Figure  8.  Schematic  Model  of  Pollen  Transport  into  Caves 
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pollen,  except  near  the  cave  mouth.  Secondly,  restricted 
wind  access  to  these  deposits  constrains  the  deposition  of 
the  airborne  pollen  travelling  through  the  trunkspace  (Ct) 
or  above  the  canopy  (Cc).  Windborne  pollen  must  be  carried 
into  the  cave  entrance  by  air-currents,  and  subjected  to 
turbulence  and  eddies  which  can  cause  differential  pollen 
deposition  across  the  cave  surface  (Bui-Thi-Mai ,  1974). 

The  presence  of  snow  drifts  in  or  near  the  cave 
entrance  will  also  cause  differential  pollen  deposition. 
Pollen  and  other  positively  charged  airborne  organic 
particles  tend  to  be  deposited  on  wet  rock  surfaces  or 
mineral  soil  which  are  either  uncharged,  or  demonstrate  a 
net  negative  charge  (Benninghoff  and  Benninghoff,  1982). 
Melting  snow  in  contact  with  the  soil  or  bedrock  through  its 
meltwater  would  thus  attract  pollen  through  its  net  negative 
charge,  whereas  cold  dry  snow  and  ice  stand  a  poor  chance  of 
collecting  pollen  as  they  represent  a  poor  electrical 
ground.  In  cases  where  snowdrifts  block  the  cave  entrance 
for  all  or  part  of  the  pollenation  season,  the  net 
electrical  charge  of  the  snowdrift  as  determined  by  its  wet 
or  dry  condition  can  figure  significantly  in  the  ultimate 
collection  of  pollen  in  the  cave  sediment.  This  characteris¬ 
tic  generates  the  hypothesis  that  periodic  freezing  and 
thawing  of  snowdrifts  could  bias  the  pollen  assemblage 
derived  from  snowdrift  meltwater  toward  those  genera 
pollenating  during  warmer  temperatures  when  the  snowdrift 
was  melting  and  exhibiting  a  net  negative  charge. 
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Influx  data  collected  from  cave  and  rockshelter  sites 
in  the  Pryors  confirm  that  the  mechanisms  by  which 
anemophi llous  pollen  enters  caves  is  substantially  different 
than  those  which  operate  on  open  air  sites.  For  each 
locality  where  pollen  influx  data  were  available,  pollen 
influx  was  lower  for  traps  located  inside  the  cave,  than 
those  in  the  open  air  sites  (Table  5).  This  corroborates 
Bui-Thi-Mai ' s  (1974)  suggestion  that,  at  Abri  Vaufrey, 
pollen  deposition  decreases  with  cave  depth. 

As  indicated  in  Fig.  8,  deposits  located  near  the  cave 
mouth  are  subjected  to  a  wide  variety  of  transport 
components,  including  gravity  (Cg)  and  surface  runoff  (Cw). 
In  most  cases,  it  would  be  expected  that  air  turbulence 
would  be  greatest  at  the  opening  of  the  cave,  which  would 
also  contribute  to  uneven  pollen  deposition.  Pollen  influx 
rates  from  the  lip  traps  vary  dramatically,  and  demonstrate 
the  complexity  of  pollen  deposition  around  cave  openings 
(Table  5).  At  Cave  3  West,  the  lip  trap  contained  more 
pollen  (4350  grains/cm2/yr )  than  either  the  open  air  trap 
(4268  grains/cm2/yr )  or  the  cave  trap  (2528  grains/cm2/yr ) . 
The  lip  trap  from  Cave  2  East,  on  the  other  hand,  contained 
less  pollen  (901  grains/cm2/yr )  than  the  other  2  traps 
(cave:  1238  gra ins/cm2/yr ;  open  air:  12,862  gra i ns/cm 2 /y r ) . 
At  the  Crooked  Creek  Rockshelter,  and  Cave  1  West,  pollen 
influx  into  the  lip  trap  (2896  and  1400  gra ins/cm2/yr 
respectively)  was  less  than  the  open  air  trap  (4199  and  3753 
gra ins/cm2/yr ) ,  but  more  than  the  cave  trap  (1456  and  855 
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Table  5 


Abso lute 


Influx  by 


Cave  or 


Rockshelter  Site, 


gra ins/cm/yr 


s  i  te 

cave  trap 

1  ip  trap 

open  a 

Gyp  Springs  Shelter 

1  1861 

4965 

Crooked  Creek  Rockshelter 

1456 

2896 

4  199 

Cowboy  Bob  Rockshelter 

3  19 

48586 

Cave  1  East 

6043 

7392 

Cave  2  East 

1238 

901 

12862 

Cave  1  West 

855 

1400 

3753 

Cave  2  West 

318 

3111 

Cave  3  West 

2528 

4350 

4268 

Bobcat  Rockshelter 

337  1 

28016 

Skylight  Rockshelter 

2720 

6297 

5770 

■ 
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grains/cm2/yr ) . 

Two  additional  vectors  of  pollen  transport  play 
potentially  significant  roles  in  forming  the  fossil  pollen 
assemblage.  These  are  biological  activity  (Cb)  and 
anthropogenic  activity  (Ca).  The  role  played  by  a  third 
transport  component,  water  percolation  (Cp) ,  has  not  been 
established  empirically.  While  pollen  have  be^en  found  in 
suspension  in  ground  water  (Horowitz,  1980),  its 
contribution  to  the  pollen  assemblage  in  caves  is  probably 
minor . 

In  terms  of  pollen  analysis,  the  vegetation  surrounding 
caves  poses  problems  more  similar  to  the  case  for  open  air 
sites,  than  the  case  for  lakes  and  bogs.  At  lakes  and  bogs, 
the  local  vegetation  belongs  to  a  restricted  environmental 
tolerance  range,  and  is  thus  both  readily  defined  and  easily 
excluded  from  the  pollen  sum.  Exclusion  of  local  pollen 
elements  from  open  air  samples  is  a  complicated  process  with 
modern  samples  (cf.  Janssen,  1981),  and  impossible  in  fossil 
assemblages.  The  same  is  true  for  cave  sites.  Cave  entrances 
characteristically  support  a  concentration  of  the  herbaceous 
elements  present  in  the  regional  vegetation  (Cubbon,  1976). 
In  this  study,  surveys  of  the  vegetation  immediately 
proximate  to  the  cave  mouth,  and  inside  the  drip  line 
produced  plants  which  were  relatively  abundant  in  the 
transect  surveys  (see  Table  4). 


Biological  Agencies 
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Animals  have  the  potential  to  import  pollen  on  their  feet 
and  fur,  as  well  as  through  their  feces.  Pollen  found  in 
feces  represent  both  intentional  and  unintentional  intake  of 
plant  substances  (Aikens,  1970).  In  recognizing  the 
potential  importance  of  pollen  derived  from  animal  waste  to 
fossil  assemblages,  several  researchers  have  conducted 
analyses  of  coprolites  to  determine  their  potential 
contribution  to  fossil  pollen  assemblages  (cf.  Draxler, 
1972;  Van  Zinden  Bakker,  1982). 

In  the  Pryors,  analysis  of  Neotoma  droppings  from 
Skylight  Cave  produced  equivocal  results  (see  Fig.  2). 
Pollen  was  no  more  abundant  in  the  Neotoma  droppings  than  in 
an  equal  volume  of  sediment.  Arboreal  pollen  was  quite  low, 
under  20%,  and  Artemisia  was  high,  exceeding  40%.  The  repre¬ 
sentation  of  minor  nonarboreal  taxa  was  only  slightly  higher 
(1-3%)  than  the  other  cave  floor  surface  samples  from  this 
site. 

A  case  can  be  made  that  degradation  of  feces  may  play  a 
role  in  contributing  to  the  pollen  assemblage.  Mult iple- taxa 
pollen  agglomerates  have  been  observed  Both  in  the  fecal 
samples  and  in  sediment  samples  (Plate  4).  Becaue  these 
pollen  agglomerates  were  abundant  in  the  fecal  sample, 
somewhat  abundant  in  some  sediment  samples  and  never 
observed  in  assemblages  from  pollen  traps  (see  Appendix  2), 
it  appears  that  the  agglomerates  are  originally  derived  from 
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Plate  4. 


Multiple  Species  Pollen  Agglomerates. 
Artemesia,  Sarcobatus,  and  Pinus,  Cave 
sediment  sample,  Burnt  Timber  Rockshelter 


Note 

floor 
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Table  6  produces  an  analysis  of  the  taxa  composition  of 
pollen  agglomerates  from  the  Burnt  Timber  Rockshelter  sedi¬ 
ment  sample.  Overall,  these  agglomerates  demonstrate  a 
herbaceous  bias,  however  it  is  difficult  to  evaluate  the 
contribution  of  pollen  grains  originally  from  agglomerates 
to  the  total  pollen  assemblage. 

The  potential  importance  of  coprolite  remains  to  fossil 
pollen  assemblages  seems  less  equivocal.  Analysis  of 
Pleistocene  sediments  from  Hohlen  Stein  Cave,  Schambach 
Valley,  West  Germany  was  undertaken  by  the  author  as  part  of 
this  project.  Out  of  72  samples  processed  and  counted,  only 
3  samples  yielded  greater  than  50  grains.  In  two  of  the 
three  pollini f erous  samples  contained  fecal  material.  One 
enriched  with  coprolites  of  Unsus  spelaeus,  was 
characterized  with  high  values  of  Poaceae,  Tubul if  1 onae , 
Ligul if  1 orae ,  and  Apiaceae  (Fig.  9).  Samples  containing 
Unsus  spelaeus  coprolites,  analyzed  by  Draxler  (1973),  had 
high  frequencies  of  Dipsicaceae  and  Caryophyllaceae ,  in 
addition  to  these  taxa.  The  sample  enriched  with  Hyena 
coprolites,  and  the  sample  containing  no  evidence  of 
enrichment,  yielded  high  frequencies  of  Betula, 

As  a  comparison,  the  sporadic  pollen  found  in  the 
remaining  69  samples  were  identified  and  are  graphed 
alongside  the  three  pollinferous  samples.  The  lack  of  pollen 
in  the  other  samples  clearly  demonstrates  that  pollen 
brought  in  by  animals  can,  in  certain  cases,  contribute  a 
very  significant  portion  of  the  cave  derived  pollen 
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TABLE  6.  Composition  of  Mu  1 1 1 p 1 e- spec i es  Pollen  Agglomerates,  Burnt  Timber  Rockshelter  Cave  Floor  Sediment  Sample  (110801) 
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Figure  9.  Comparison  of  Pollen  Composition  of 
Coprolite,  Hyaena  Coprolite,  and 
Sediment  Samples  from  Hohlen  Stein, 
Valley,  West  Germany 


Cave  Bear 
Unenriched 
Schambach 
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Comparison  of  Pollen  Composition  of  Cave  Bear  Coprolite,  Hyena  Coprolite,  and  unenriched 
sediment  samples  from  Hohlen  Stein  Cave,  Schambach  Valley,  West  Germany 
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assemblage . 

It  is  possible  that  biological  vectors  of  pollen 
importation  into  caves  are  relatively  more  important  to  the 
formation  of  fossil  assemblages  than  to  modern  ones.  There 
have  been  no  experimental  studies  on  pollen  preservation  in 
caves,  although  pollen  is  notoriously  sparse  in  cave 
deposits,  and  frequently  poorly  preserved.  If  the  cave  is 
formed  in  carbonate  rock,  the  poor  preservation  of  pollen  in 
alkaline  environments  due  to  oxidation  and  fungal  attack 
(Havinga,  1968),  and  extensive  exposure  to  weathering  due  to 
slow  rates  of  sedimentation  could  contribute  to  this 
phenomena.  If  these  processes  destroy  all  but  the  most 
resistant  pollen,  and  coprolites  constitute  a  more  favorable 
environment  to  pollen  preservation,  the  biological  vector 
could  play  a  very  significant  role  in  the  formation  of  the 
thanatacoenosis. 

In  a  sample  of  modern  hyaena  feces,  Kruuk  (1976)  found 
that  calcium  constituted  between  12-25%  of  the  total  weight. 
The  crust  of  calcium  salt  responsible  for  the  characteristic 
white  color  of  hyaena  scats  may  act  as  a  deterent  to  fungal 
growth . 

Human  Agencies 

Pollen  analysis  can  yield  vegetational  reconstructions 
because  it  is  assumed  that  the  representation  and  relative 
proportions  of  taxa  in  an  assemblage  have  ecological 
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meaning.  Particular  caution  must  be  applied  to  the  analysis 
of  archaeological  sediments  however,  due  to  intensive 
vegetation  disturbance  normally  incurred  around  a  site 
(Baker,  1974;  Kelso,  1970;  Mehringer,  1967);  the  mixing  of 
pollen  assemblages  by  postdepos i t i onal  disturbance  (Butzer, 
1982;  Minnis,  1981);  and  palynological  residues  of  cultural 
and  subsistence  activities. 

Palynological  assemblages  from  archaeological  sites 
have  been  used  to  interpret  prehistoric  diet,  and 
subsistence  patterns  (Fall  et  al . ,  1981;  Aikens,  1970; 
Kelso,  1970),  season  of  site  occupation  (Bryant,  1969;  in 
Bryant  and  Halloway,  1983),  ritual  (Hill  and  Hevly  1968; 
Leroi-Gourhan ,  1975),  and  artifact  usage,  to  define  activity 
areas  (Hill  and  Hevly,  1968),  and  utilization  of  native  or 
cultivated  plants  (Kelso,  in  Aikens  1970).  While  providing 
great  insight  into  man's  past  subsistence  and  cultural 
activities,  the  selective  importation  of  pollen  which 
characterizes  some  archaeological  sites  can  also  bias  any 
forthcoming  palynological  reconstructions  of  past 
vegetation.  For  instance,  at  Hogup  Cave,  human  agencies  were 
the  dominant  mode  of  deposition  within  the  cave,  and  the 
pollen  residues  of  human  activity  obscured  any  evidence  of 
the  vegetation  landscape  existing  at  the  time  (Kelso,  in 
Aikens ,  1970). 

Unintentional  importation  of  pollen  and  mixing  of 
fossil  pollen  on  the  cave  floor  by  humans  may  have  played  a 
major  role  in  forming  the  pollen  spectra  derived  from  Cave 
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Ann.  While  Tauber  traps  were  in  place,  archaeological  test 
excavations  were  conducted  at  Cave  Ann.  No  insects  or  other 
biological  sources  of  contamination  were  observed  in  the 
recovered  Tauber  traps,  so  it  is  possible  that  human 
activity  could  have  been  responsible  for  the  anomalous 
Tubul iflorae  values  recorded  from  traps  inside  the  cave.  The 
high  Tubul iflorae  values  may  reflect  selective  importation 
of  these  grains  by  excavators.  Further,  the  overall  poor 
condition  of  the  grains  is  reminiscent  of  those  derived  from 
desert  sites  (Plate  3),  and  suggests  that  the  archeological 
activities  disturbed  the  sediment  on  the  cave  floor,  and 
reactivated  the  anemophilous  grains  into  the  air.  A  counter 
hypothesis  may  be  that  the  cave's  relatively  sheltered 
position  away  from  direct  winds  may  figure  significantly  in 
low  Pinus  values,  causing  the  concomitant  rise  in  herb 
values.  However,  Artemisia  dominates  the  open  air  trap  as¬ 
semblage,  so  it  would  be  expected  that  the  inside  traps 
would,  in  this  case,  record  high  percentages  of  this  taxon 
as  well.  Due  to  the  protected  position  of  the  cave,  it 
appears  that  human  activity  did  figure  significantly  in  the 
mixing  of  several  seasons'  pollen  rain  by  raising  dust. 

CONCLUSION 

The  dominance  in  the  vegetation  of  species  which  are 
notoriously  poorly  represented  in  the  pollen  assemblage, 
clouds  the  interpretation  of  pollen  transport  into  caves  in 
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the  Pryor  Mountains,  and  makes  extrapolation  of  results  from 
this  study  to  other  caves  sites  highly  problematic.  However, 
on  the  basis  on  the  comparative  data  collected  in  this 
study,  it  is  possible  to  challenge  and  confirm  some 
currently  held  hypotheses  about  pollen  transport  to  caves, 
and  to  discuss  the  potential  of  pollen  analysis  for  cave 
deposits . 

The  critical  issue  in  this  study  was  to  determine  which 
source  areas  (e.g.,  local,  regional,  long  distance)  and 
which  transport  components  (see  Fig.  10)  of  the  vegetation 
dominate  the  pollen  assemblage  derived  from  cave  deposits; 
and  ultimately,  to  determine  whether  the  pollen  assemblage 
( thanatocoenosis )  lends  itself  to  quantitative  pollen  analy- 
sis.  Previous  experimental  research  (Bui-Thi-Ma i ,  1974; 
Bui-Thi-Mai  and  Johnson,  1976),  suggests  that 
comtemporaneous  pollen  samples  derived  from  caves  do  not 
demonstrate  variation  significant  enough  to  produce 
differing  climatic  interpretations.  Consistencies  have  also 
been  observed  between  the  climatic  interpretation  of  clastic 
cave  sediments  and  pollen  analysis  of  contemporaneous 
samples  (Laville  et  al . ,  1980). 

In  sharp  contrast  to  these  experimental  and  empirical 
findings,  comparisons  between  samples  from  cave  and 
rockshelter  sites  in  the  Pryor  Mountains  demonstrate 
dramatic  variability.  For  example,  at  Skylight  Cave,  Picea 
frequencies  in  the  cave  floor  surface  samples  vary 
dramatically  from  under  3%  to  over  16%.  In  a  Pinus  dominated 
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pollen  spectrum,  an  increase  of  13%  Picea  would  be 
interpreted  as  an  ecological  or  climatological  change  if 
encountered  in  a  time-transgressive  pollen  diagram. 
Similarly,  the  dramatic  replacement  of  over  40%  Pinus  for 
Artemisia  and  Cheno-Ams,  as  observed  between  cave  trap 
samples  at  Gyp  Springs  Rockshelter,  would  also  be  indicative 
of  an  environmental  change.  For  at  least  these  caves  and 
rockshelters  in  the  Pryor  Mountains,  ecological 
interpretation  of  the  pollen  spectra  would  be  highly 
problematic . 

Regarding  intersite  variation,  the  cave  trap  and  cave 
floor  surface  samples  from  Cowboy  Bob  Rockshelter  and  Cave 
Ann  give  no  indication  that  they  are  located  in  the  same 
vegetation  zone,  even  though  the  open  air  AP/NAP  ratios 
between  these  sites  are  nearly  identical.  All  samples  from 
inside  Cave  Ann  have  high  frequencies  of  Asteraceae  pollen, 
and  depressed  Pinus  frequencies,  compared  to  Cowboy  Bob 
Rockshelter.  However,  in  this  case,  a  50%  decrease  in  Pinus 
does  not  indicate  climatic  cooling  or  more  xeric  conditions; 
it  likely  reflects  either  the  differences  in  position  with 
respect  to  dominant  wind  directions,  or  the  importation  of 
Asteraceae  pollen  by  biological  agencies. 

It  was  expected  that  the  open  air  sites  would 
demonstrate  a  wide  range  of  variability  between  samples. 
Studies  of  pollen  production  and  dispersal,  have 
demonstrated  that  open  air  sites  sample  primarily  the 
allochthonous  elements  of  the  vegetation  which  often 
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obscures  recognition  of  the  important  elements  of  the 
regional  vegetation.  Local  pollen  rain  is  distributed 
unevenly  over  the  landscape  and  is  thus  less  suitable  for 
constructing  paleoenvi ronmental  reconstructions  or  for 
chronostrat igraphic  purposes,  than  samples  recording 
regional  pollen  rain  (Janssen,  1981). 

For  this  reason,  a  comparison  between  the  cave  samples 
and  open  air  samples  analyzed  in  this  study  is  provocative. 
It  seems  that  cave  samples  demonstrate  the  same  great  varia¬ 
bility  shown  in  open  air  samples.  Therefore,  it  appears  that 
caves  and  rockshelters  are  not  sampling  regional  pollen  rain 
and  therefore  not,  "acting  as  an  integrator  of  the  pollen 
environment,  similar  to  lake  and  bog  localities, 
" (Bui-Thi-Mai  and  Johnson,  1976:9),  but  are  sampling  local 
pollen  rain,  and  are  subjected  to  the  uneven  pollen 
deposition  characterizing  open  air  sites.  If  the  dynamics  of 
pollen  transport  into  caves  and  rockshelters  in  the  Pryor 
Mountains  is  representative  of  cave  and  rockshelter  sites  in 
general,  it  seems  that  these  deposits  do  not  fulfill  a  major 
requirement  of  the  palynolog ical  method.  Therefore  the 
accuracy  and  resolution  of  regional  paleoenvi ronmental 
reconstruct  ions  based  on  cave  or  rockshelter  deposits  are 
open  to  serious  question. 

.  While  this  work  has  been  concerned  primarily  with 
clarifying  the  relationship  of  the  vegetation  ( biocoenos i s ) 
to  the  pollen  assemblage  found  in  a  cave  before  burial 
( thanatocoenosis ) ,  it  is  recognized  that  both  perthotaxic 
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(post  death,  preburial)  and  anataxic  (weathering,  erosion, 
redeposition)  factors  contribute  to  the  ultimate  composition 
of  the  fossil  assemblage  (Fig.  10)  (Morlan,  1980). 

In  this  study,  the  wind  transported  pollen  components 
demonstrated  a  bias  toward  the  local  vegetation.  Numerous 
studies  of  pollen  from  archaeological  sites  have  shown  that 
an  assemblage  can  be  biased  toward  economic  plant  types,  or 
toward  low-lying  herbaceous  types  by  unintentional 
importation.  Coprolites  of  man  and  other  animals  are  capable 
of  importing  macro-  and  microscopic  botanical  materials  into 
a  cave. 

The  pollen  record  from  Hohlen  Stein  and  its 
preservat ional  bias  toward  samples  enriched  with  fecal  mate¬ 
rial  suggests  that  the  nonrandom  pollen  sampling  of  animals 
may  become  even  more  important  through  time  as  pollen  in  the 
more  alkaline  deposits  are  destroyed  by  oxidative  fungal 
attack,  increasing  the  relative  representation  of  pollen 
transported  by  the  biological  vector.  While  all  sites  of 
fossil  accumulation  are  characterized  by  perthotaxic 
factors,  this  effect  in  alkaline  cave  and  rockshelter  sites 
may  be  more  pronounced  in  comparison,  due  to  the  severity  of 
the  poor  preservat ional  environment. 

However,  other  agencies  contribute  to  the  formation  of 
the  taphocoenosis .  In  general,  caves  are  known  to  be  among 
the  most  complex  of  depositional  environments,  composed  of 
both  externally  derived  material  and  internally  produced 
sediments,  which  may  be  deposited  unevenly  across  the  cave 


! 

,no<2i* ia  n 103  r.i  bionvonozq  91101;  ad  yam 


97 


landscape.  The  externally  derived  deposits,  which  include 
soil  wash,  stream  beds,  aeolian  dust  and  sand,  and  cultural 
residues  (Butzer,  1982)  may  contribute  allocthonous  pollen 
to  the  fossil  assemblage.  Internally  generated  deposits, 
which  include  roof  and  wall  rubble,  and  in  limestone 
bedrock,  travertine  and  dripstone  deposits  (ibid.),  provide 
an  uneven  surface  upon  which  pollen  and  finer  sediments  are 
deposited.  This  character i st ic  makes  correlation  of  contem¬ 
poraneous  pollen  assemblages  difficult  across  the  cave  floor 
and  increases  the  potential  of  mixing  time-transgressive 
pollen  assemblages.  Besides  the  size  and  type  of  sedimentary 
particles,  the  sedimentation  rate  will  affect  the  resolution 
of  the  initial  pollen  assemblage  ( taphocoenosis ) .  Subsequent 
weathering,  erosion  and  redeposition,  as  well  as  disturbance 
by  animal  activity  have  the  potential  to  rework  older  sedi¬ 
ment  into  a  younger  matrix  (cf.  Butzer  1982).  Over  time 
these  combined  processes  will  produce  a  secondary  fossil  as¬ 
semblage,  potentially  with  a  very  different  composition  of 
taxa  than  either  the  thanatocoenosis  or  taphocoenosis.  Thus, 
an  understanding  of  the  depositional  history  of  the  cave 
site,  as  well  as  the  site's  sampling  and  preservat ional 
biases,  are  fundimental  to  the  formulation  of  accurate 
paleoenvi ronmental  interpretations. 

This  study  suggests  that  the  pollen  assemblages  from 
cave  and  rockshelter  sites  are  not  characterized  by  suffi¬ 
cient  ecological  resolution  to  provide  meaningful 
reconstructions  when  analyzed  through  the  standard  numerical 
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technique  of  pollen  analysis,  as  outlined  by  Faegri  and 
Iversen  (1975).  Comparisons  of  the  fossil  assemblages  from 
Hohlen  Stein  suggest  that  differential  preservation  may 
figure  importantly  in  determining  the  taxa  composition  of 
the  fossil  assemblage,  and  such  bias  should  be  considered  in 
any  deposit  of  high  pH  (Cushing,  1967).  At  archaeological 
sites,  cultural  and  subsistence  activities  have  been  shown 
to  dominate  the  palynolog ical  assemblage  so  completely  as  to 
obscure  all  but  the  barest  vestiges  of  the  past  vegetational 
environment  (Kelso,  in  Aikens,  1970).  Further,  recent 
studies  suggest  that  cave  deposits,  particularly  those 
associated  with  archaeological  sites,  have  a  complex 
depositional  history  (Butzer,  1982).  Without  evidence  to  the 
contrary,  it  is  impossible  to  assume  that  cave  and 
rockshelter  deposits  commonly  contain  essentially 
undeteriorated  pollen  in  a  simple  stratigraphic  sequence 
without  mixing  or  disturbance,  a  prerequisite  of  sites  for 
paleoenvi ronmental  reconstructions  (Jacobsen  and  Bradshaw, 
1981  ) . 
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climatic  change  if  it  was  found  consistently  cave  deposits. 

Before  it  can  be  determined  whether  these  observed 
statistical  similarities  between  pollen  records  reflect 
ecological  similarity,  it  is  necesssary  to  evaluate  the 
assumptions  and  implications  built  into  the  interpretative 
model.  It  is  not  immediately  apparent  what  constitutes  anal¬ 
ogous  climatic  oscillations  when  different  vegetation  types 
are  being  compared.  Nor  can  it  be  assumed  that  changes 
observed  in  pollen  diagrams  reflect  climatic  events 
(Iversen,  1973),  or  that  the  changes  reflect  climatic 
oscillations  that  were  regional  in  scope  (Laville,  et  al . , 
1980).  Further  study  will  determine  whether  observed 
correlations  reflect  similar  environmental  conditions,  or 
simply  the  limitations  of  the  ecological  assumptions  used  in 
interpretation . 

Assuming  that  the  post  depositional  processes  operating 
within  the  cave  deposit  leave  the  pollen  assemblage 
representative  of  the  thanat ocoenos i s ,  meaningful 
interpretations  may  be  possible  through  techniques  of  analy¬ 
sis  that  do  not  ascribe  ecological  meaning  to  the  propor¬ 
tional  pollen  composition  of  the  fossil  assemblage. 
Autecological  methods,  such  as  the  indicator  species  ap¬ 
proach  (Webb,  1973;  Birks  and  Birks,  1980)  or  analogies 
based  on  presence/absence  of  taxa,  may  be  more  applicable  to 
the  biased  pollen  representation  of  cave  deposits  than  the 
numerical  techniques  developed  for  samples  from  bogs  and 
lakes.  Autecological  methods  have  been  applied  to  the  fossil 
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remains  in  packrat  middens,  including  pollen,  greatly 
contributing  to  our  understanding  of  ecological  successions 
in  the  American  Southwest  (Van  Devender,  1978;  Mead,  1981). 

Further  research  is  necessary  to  clarify  some  of  the 
problems  that  have  been  discussed  in  this  paper.  An 
empirical  understanding  of  preservat ional  biases  can  be 
developed  if  discussions  of  pollen  preservation  and  the  sed¬ 
iment  sample  size  required  for  analysis  are  included  in  each 
study.  Pollen  analyses  of  cave  deposits  should  report  on  the 
sampling  strategies  employed,  and  analysis  of  pollen  stra¬ 
tigraphy  should  be  conducted  within  a  model  of  the 
depositional  and  post  depositional  history  of  cave  deposits, 
e.g.  through  a  contextual  approach  (Butzer,  1980).  Finally, 
further  additional  experimental  research  with  modern  cave 
floor  surface  samples  needs  to  be  conducted  in  areas  not 
plagued  with  vegetation  "blind  spots"  (sensu  Davis,  1963), 
to  test  whether  the  results  of  this  study  are  specific  to 
the  Pryor  Mountain  context,  or  are  shared  by  cave  and 
rockshelter  sites  in  general.  Further  research  in  this  area 
will  clarify  the  limitations  and  ecological  resolution  of 
palynological  analysis  of  cave  and  rockshelter  sediments, 
and  allow  for  the  development  of  techniques  that  maximize 
use  of  the  palynological  resource  stored  in  cave  sediments. 
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APPENDIX  I.  Identified  Insects  From  Tauber  Traps 


Sample 

Identification 

Occurence  on  Plants 

90301 

1 -Staphylinidae 

NOF 

1-Coccinellidae 

NOF 

1  -Sco/ytus  sp.  (Scoiytidae) 

NOF 

1 -Unknown 

sighted  on  Taraxicum 

90101 

1-Scarabaeidae 

probably  NOF 

1  -Carabidae  Domius  piceus 

arboricolous 

3-Alticinae 

NOF 

1-Hydrophiiidae 

Aquatic 

100101 

1  -Staphylinidae 

NOF 

80501 

1-Ptinidae 

NOF 

80101 

1-Coccinella  sp. 

NOF 

1  -Elateridae  Ctenicera  propo/ 

sighted  on  Mallow,  Ninebark  and 
Yarrow 

2-Staphylinidae 

NOF 

40501 

1  -Ptinidae 

NOF 

40301 

2-Curcuiionidae 

probably  NOF 

40101 

1 -Staphylinidae 

NOF 

60501 

2-Staphylinidae 

NOF 

38-Ptinidae 

NOF 

1  -Curculionidae  Brachyrhi nus 

common  name  "Strawberry  Root 

Ovatus 

Weevil" 

60301 

1 -Elateridae  prob.  Ctenicer 

sighted  in  grasses 

601010 

1-Melyridae 

common  name  "softwinged 

Flower  Beetle” 

30101 

1 -Carabidae  Bembid ion  sp. 

usually  riparian 

2-Hydrophilidae 

aquatic 

4-Mordellidae 

common  name  "softwinged 

Flower  Beetle" 

1-Alticinae 

NOF 

3-Throscidae  Dra petes  sp. 

on  flowers,  chiefly  milkweed, 
dogwood,  and  mayapple 

120201 

1-Coccineia  sp. 

NOF 

1-Alticinae  (Chrysomelidae) 

NOF 

1  -Melyridse 

common  name  "softwinged 
flower  beetle” 

120101 

2-Scarabaeidae 

NOF 

1  -Ptinidae 

NOF 

*  NOF=not  found  on  flowers 

Identifications  provided  by  Ingolf  S.  Askevoid,  University  of  Alberta 


fcObraf  _  VT*,J 


' 


APPENDIX  II.  Description  of  Samples 
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Relative  Percent  Surface  Sample  Pollen  Diagram  for  Cave  and  Rockshelter  Sites,  Pryor  Mountains,  Montana 
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